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1. EXECUTIVE SUMMARY

This Remedial Action Plan (RAP) includes an assessment of various potential remedial

alternatives, and provides a recommended approach to remediate certain volatile

organic compounds (VOCs) and metals designated as chemicals of concern (COCs) in

soil beneath the parcel located at 4057 and 4059 Goodwin Avenue, in the City of Los

Angeles, Los Angeles County, California (the “Site”), as more fully described in the legal

description in Appendix A. This RAP does not address remediation of groundwater.

The primary objectives of this RAP are to:

 establish COCs for the Site soils and soil vapor;

 propose soil and soil vapor cleanup goals; and

 identify preferred alternatives for remediation of COCs in the Site soil and soil

vapor.

Kleinfelder prepared a Draft RAP (Kleinfelder, 2010), and submitted it to the Los

Angeles Regional Water Quality Control Board (LARWQCB) and other regulatory

agencies, including the United States Environmental Protection Agency (US EPA)

Region 9, on behalf of The Spirito Family Trust, owner of the Site. The LARWQCB and

other regulatory agencies reviewed the Draft RAP and provided comments that were

considered in the preparation of this RAP. Agency comments and Kleinfelder

responses to them are included as Appendix B.

A plating facility operated by the Excello Plating Co., Inc. (Excello), which is no longer in

business, was located on the southern portion of the Site (4057 Goodwin Avenue). An

older plating facility was previously located on the rear, northern portion of the Site

(4059 Goodwin Avenue). The older facility was operated by the Plating Engineering

Company, Inc. (PECI) from at least 1946, but was destroyed by a fire in 1955.

Operations at these two plating facilities resulted in the release of VOCs and metals to

vadose zone soil beneath the Site, as documented by past assessments. Groundwater

beneath the Site is also impacted with some of the VOCs and metals present in Site

vadose zone soil. Metals-contaminated groundwater (primarily with hexavalent
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chromium [Cr6+]) has affected US EPA extraction well GS-3, which is one of four

extraction wells operating near Goodwin Avenue as part of the regional remedy for

VOC-impacted groundwater in the Glendale South Operable Unit (GSOU) of the San

Fernando Valley Superfund Site.

The Spirito Family Trust is the present owner of the Site and has been deemed by the

LARWQCB to be the Responsible Party for Site cleanup, as indicated in a September

25, 2007 revised Cleanup and Abatement Order (CAO) No. R4-2003-0038-R, prepared

by LARWQCB.

The Spirito Family Trust has reported that it has insufficient financial assets to pay for a

Site cleanup that will meet regulatory requirements. A prospective purchaser of the Site

has indicated a willingness to perform a regulatory agency-approved remediation of

vadose-zone soil beneath the Site to accommodate such prospective purchaser’s use

of the Site’s surface, providing that such a cleanup can be performed on acceptable

terms. The prospective purchaser would intend to use the Site for a driveway and apron

for parking, maneuvering, and loading and unloading trucks, and possibly a commercial

warehouse.

The goal of the RAP is to prevent, by achieving proposed cleanup goals, future

migration of the COCs present in Site vadose-zone soil to underlying groundwater.

This RAP is not intended to address any groundwater contamination. In particular, it is

not intended to address the regional VOC and Cr6+ groundwater contamination. The

US EPA is addressing such contamination through Federal Superfund proceedings that

include the GSOU of the San Fernando Valley Superfund Site.

Kleinfelder selected a remedial approach for the Site on the basis of evaluations of

overall effectiveness, implementability, and cost-effectiveness. Its evaluation

considered the Site’s intended use. The inorganic COC addressed by this RAP is Cr6+.

The organic COCs addressed by the RAP are tetrachloroethene (PCE) and

trichloroethene (TCE).
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Based on the future intended use of the Site, complete exposure pathways and

associated receptors identified for evaluation include the following:

 soil ingestion, dermal contact with soil, and dust inhalation – on-Site workers

employed on the Site after redevelopment (e.g., landscape maintenance workers

and subsurface utility workers);

 groundwater ingestion – municipal water customers; and

 inhalation of vapors – on-Site workers working in enclosed structures on the Site.

Potentially-complete exposure pathways and associated receptors identified for

evaluation include the following:

 soil ingestion, dermal contact with soil, and dust inhalation – construction

workers during implementation of the RAP and Site redevelopment;

 inhalation of vapors – construction workers and nearby residents during and after

implementation of the RAP; and

 dust inhalation – nearby residents during implementation of the RAP and Site

redevelopment.

The Site-specific cleanup goal here employed for Cr6+ in soil is 5.6 milligrams per

kilogram (mg/kg), which corresponds to the industrial Regional Screening Level (RSL)

for Cr6+ in soil. This goal was based on agency input, following calculation in the Draft

RAP of a Site-specific cleanup goal for Cr6+ in soil of 7.4 mg/kg, pursuant to US EPA’s

Soil Screening Guidance (SSG) (US EPA, 1996a; Kleinfelder, 2010). The soil vapor

cleanup goals for PCE and TCE in the shallow vadose zone are the

commercial/industrial California Human Health Screening Levels (CHHSLs), as

requested by LARWQCB. These cleanup goals are 0.603 micrograms per liter (µg/L)

and 1.77 µg/L for PCE and TCE, respectively.
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The remedial approach recommended in this RAP includes in-situ chemical reduction

(ISCR) using calcium polysulfide (CaSx). The CaSx will be mixed into the soil using a

large diameter auger (LDA). The combined process is referred to as LDA/ISCR. This

process will be used to reduce Cr6+ to trivalent chromium (Cr3+) to a depth of 35 feet

below ground surface (bgs), thereby mitigating the mobility and toxicity of this COC.

The LARWQCB has informed Kleinfelder that General Waste Discharge Requirements

(WDR) Permit (R4-2007-0019), which includes CaSx as a pre-approved injectant, will

be the permit under which LDA/ISCR remedial activities and post-remedial monitoring,

will be performed.

Based on the most recent (July 2010) Site monitoring data presently available to

Kleinfelder, the depth to groundwater beneath the Site is approximately 46 to 48 feet

bgs. Depth to the water table beneath the Site has been consistent with data collected

beginning in 2006. According to the California Geological Survey, available historic

data indicate the historic high groundwater depth in the immediate Site vicinity is

estimated to be approximately 36 feet bgs. To address the proximity of COCs to

groundwater, and to mitigate the likelihood of CaSx entering groundwater, a stabilizing

agent (i.e., cement) will be added to the soil to a depth of 45 feet bgs to lower the

mobility of the Cr3+ and residual Cr6+ in Site soil. More specifically, from a depth of 35

feet bgs to the groundwater table, COCs in soil will be stabilized in an approximately 10-

foot thick, cemented, non-CaSx-treatment buffer zone. Avoiding treatment of soil with

CaSx in the buffer zone reduces concern regarding potential leaching and transport of

CaSx to groundwater, and thus potential effect on extraction well GS-3, which extracts

groundwater through its well screen set between depths of 84 and 174 feet bgs.

An engineered cap will be installed subsequent to completion of LDA/ICSR and cement

stabilization remedial activities. The purpose of the engineered cap is to provide

surface cover above the buffer zone where only cement stabilization will be used to

treat the Cr6+-impacted soil. The buffer zone will be installed between 35 and 45 bgs,

within the 5.6 mg/kg Cr6+ isocontour (see Plate 4D). The cap will be designed to

overlap this zone by as much as 50 feet on all sides.
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Soil vapor extraction (SVE) is proposed as the presumptive remedy for mitigation of

PCE and TCE in Site vadose-zone soils. PCE and TCE will be removed from the

subsurface to the practical limits of the applicable SVE technology. A soil vapor survey

will be conducted in the shallow vadose zone following shut down of the SVE system.

Results of the soil vapor survey will be used to conduct a human health risk

assessment (HHRA) for the intended Site use. A passive or active vapor mitigation

system, if necessary, will be considered based on results of the HHRA and future Site

use.

Implementation of these remedial actions will be associated with a deed restriction

against the Site that limits future property development to commercial and industrial

uses. Specifically, as a condition to the transfer of the ownership of the Site, a deed

restriction against the Site, referred to as a Covenant and Environmental Restriction on

Property (CERP), that corresponds to the restrictions attached as Appendix C, will be

recorded against the Site after approval and execution by the LARWQCB’s Executive

Officer, simultaneously with the acquisition of title to the Site.

Two on-Site groundwater monitoring wells (MW2 and MW3) will be abandoned and re-

installed as part of the RAP implementation, to assess and monitor effectiveness of the

proposed remedial approach. Well MW-2R will be re-installed on Site, directly

downgradient of the treatment area, between extraction well GS-3 and the treatment

area. Well MW3R will also be re-installed on Site, crossgradient of the treatment area.

These wells will be used for monitoring during RAP implementation. After RAP

implementation and WDR permit monitoring are completed, on- and off-Site wells

associated with the Site will be abandoned.

Following RAP approval by LARWQCB, field pilot testing for LDA/ISCR will be

performed to provide data for the final design of the remedial action. A pilot testing

workplan will be prepared to address the specific activities to be performed, and will be

submitted to LARWQCB prior to execution of pilot testing activities.
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The building currently at the Site will be demolished as part of implementation of the

RAP. It will be necessary to perform a hazardous building material survey (HBMS) and

properly abate hazardous building materials, if identified, prior to building demolition. A

workplan will be submitted for LARWQCB approval of the specific proposed HBMS,

hazardous building materials abatement, and building demolition activities, prior to their

performance. If impacted soils are encountered in shallow soils during demolition of the

building, additional soil samples will be collected and analyzed to complement the Site’s

currently available assessment data and in support of the remedial action design.
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2. INTRODUCTION

This Remedial Action Plan (RAP) presents an assessment of potential remedial

alternatives and provides a recommended approach to remediate certain volatile

organic compounds (VOCs) and metals in vadose zone soil beneath The Spirito Family

Trust parcel, located at 4057 and 4059 Goodwin Avenue, in the City of Los Angeles,

Los Angeles County, California (the “Site”), and as more fully described by the legal

description attached in Appendix A. Kleinfelder prepared a Draft RAP (Kleinfelder,

2010), and submitted it to the Los Angeles Regional Water Quality Control Board

(LARWQCB) and other regulatory agencies, including the United States Environmental

Protection Agency (US EPA) Region 9, on behalf of the Site owner, the Spirito Family

Trust. The LARWQCB and other regulatory agencies reviewed the Draft RAP and

provided comments that were considered in the preparation of this RAP. Agency

comments and Kleinfelder responses to them related to the Draft RAP are included as

Appendix B.

This RAP was prepared in response both to an October 31, 2007 letter submitted by

LARWQCB to The Spirito Family Trust, which provided LARWQCB’s comments

concerning an August 27, 2007 RAP prepared by others, and subsequent

correspondence requiring preparation of a revised RAP. This RAP was prepared in

consideration of data provided in reports of past Site assessments and other Site-

related documentation, including Kleinfelder’s “Workplan for Supplemental Site

Assessment…” (Kleinfelder, 2008a) and “Supplemental Site Assessment…” (SSA)

(Kleinfelder, 2008b), and its “Site-Specific Cleanup Goals Workplan” (Kleinfelder,

2009), which respectively reported the results of supplemental Site characterization

activities, and summarized the methodology proposed to calculate Site-specific cleanup

goals for chemicals of concern (COCs).
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The goal of the RAP is to prevent, by achieving proposed cleanup goals, future

migration of the COCs present in Site vadose-zone soil to underlying groundwater.

This RAP is not intended to address groundwater contamination. In particular, it is not

intended to address the regional VOC and hexavalent chromium (Cr6+) groundwater

contamination. The US EPA is addressing such contamination through Federal

Superfund proceedings that include the Glendale South Operable Unit (GSOU) of the

San Fernando Valley Superfund Site.

The primary objectives of this RAP are to:

 establish COCs for the Site soils and soil vapor;

 propose soil and soil vapor cleanup goals; and

 identify preferred alternatives for remediation of COCs in the Site soil and soil

vapor.
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3. SITE BACKGROUND

3.1 SITE DESCRIPTION

The Site is defined by the legal description included in Appendix A. The Site is located

at 4057 Goodwin Avenue, in the City of Los Angeles, California (the Site has a post

office address of Glendale, California 90039). The rear (northern) portion of the Site

has also been known in the past as “4059 Goodwin Avenue.” The Site is referred to as

Los Angeles County Assessor’s Parcel Number (APN) 5593-020-020, as shown on the

assessor’s parcel map attached in Appendix D.

The Site is located on the north side of Goodwin Avenue, northwest of the termination

of Brunswick Avenue. A vacated former northward extension of Brunswick Avenue

adjoins the Site to the east.

The vacated street is not considered part of the Site. The vacated street was used as

an employee parking lot by the plating facility operated by the Excello Plating Co., Inc.

(Excello), but is not part of the parcel owned in fee by The Spirito Family Trust. The

surface elevation along the western side of the vacated street is somewhat higher than

that of the eastern Site area that adjoins it (i.e., surface run off from the Site does not

flow onto the vacated street), and Kleinfelder’s review of historical information did not

reveal that the vacated street was used for purposes other than parking. Furthermore,

Kleinfelder’s evaluation of the existing Site assessment data closest to and within the

area of the vacated street does not suggest that metals impact to soils from the Site

extends to the area beneath the vacated street.

The Site is a trapezoid with dimensions of 109 feet for the north and south property

boundaries, and 385.31 feet for the east and west property boundaries. The southern

portion of the Site includes the approximately 13,832-square foot building formerly used

by Excello, which is no longer in use. The Site is bordered on the north, east, and west

by a retail distribution facility, and on the south by Goodwin Avenue. Beyond these

features are residential neighborhoods. A Site Vicinity Map is presented on Plate 1, a

Site Plan is presented on Plate 2, and the assessor’s parcel map is in Appendix D.
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Plating Engineering Company, Inc. (PECI) began operating a plating facility on the

northern portion of the Site by 1946. This former plating facility was depicted on a 1951

Sanborn fire insurance map (Appendix E). During 2008 field activities for Kleinfelder’s

2008 Supplemental Site Assessment (SSA) (Kleinfelder, 2008b), Kleinfelder

encountered an approximately 7-inch-thick concrete layer in the central area of the

northern portion of the Site while advancing soil borings (Borings K-37 through K-42,

shown on Plate 2). The location of this concrete layer, which is situated approximately

6 inches beneath the surface of the asphalt pavement, is consistent with the location of

the building on the former PECI facility as depicted in the 1951 Sanborn map.

Kleinfelder did not identify information concerning details of the historic operations

performed at the PECI facility, but surmises that they likely included plating and painting

of metal components. The PECI facility was destroyed by a fire in 1955 (Los Angeles

Times, 1955), but the plating facility was reconstructed on the southern portion of the

Site in 1956, at which time plating operations resumed. Excello subsequently occupied

the southern portion of the Site, continuing plating-related activities in the existing on-

Site building until Excello ceased operations in 2004 and abandoned the Site.

Operations performed at the facility involved plating, anodizing, and painting of metal

components, some of which was done for the aerospace industry. Information about

the process areas in the building and chemical usage history is included below.

The Excello facility included a building that remains vacant on Site, which contained

office space, a decorative chrome plating area, an anodized plating process area, a

hard chrome process area, a paint booth, and a plating supply storage area. Drum

storage areas were located inside the building near its northwest corner and later in a

covered, bermed area outside the northwestern corner of the building. Pursuant to a

Department of Toxic Substances Control (DTSC) order, the abandoned tanks and other

plating equipment were subsequently decontaminated and removed from the Site in

December 2005 by a contractor hired by the current property owner, The Spirito Family

Trust, after its tenant, Excello, abandoned the Site. In addition to the building and

covered drum storage area, an in-ground, four-stage clarifier remains on the Site near

its southeastern corner. The locations of these features are depicted on the Site Plan

(Plate 2).
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According to information obtained during Kleinfelder’s review of Site-related documents,

the primary chemicals historically used on the Site by Excello included muriatic acid,

nitric acid, sulfuric acid, caustic soda, sodium hypochlorite, chromic acid, sodium

cyanide; 1,1,1-trichloroethane (1,1,1-TCA); cadmium oxide, nickel sulfate, nickel

chloride, nickel acetate, phosphoric acid, manganous sulfate, barium carbonate,

sodium bicarbonate, and ammonium nitrate. Aboveground tanks formerly located in the

decorative chrome plating area contained solutions of cadmium (Cd), zincate, copper

(Cu), nickel (Ni), acids, and decorative chrome. Tanks formerly located in the anodized

plating process area contained solutions of Ni rinsate, dichromate, chromatic acid, and

acid. The hard chrome process area contained the hard chrome tanks.

The Excello facility process areas were located within 8-inch-tall, concrete-bermed

areas with a wooden platform built on top of the berm at a height of approximately 4

feet above the concrete floor. The bermed areas were designed to contain spills

associated with the various tanks. Waste liquids generated during Excello’s operations

were apparently either disposed to the sewer (via a multi-stage clarifier) or transported

to a treatment and disposal facility. Waste liquids disposed to the sewer were

reportedly sampled monthly by Excello and the City of Los Angeles, and samples were

analyzed for waste discharge compliance. A vapor degreaser was historically used at

the Site; however, in 2003 it was removed and replaced with a closed-system parts

washer.

3.2 REGIONAL GEOLOGY/HYDROGEOLOGY

The Site is located in the southeastern portion of the San Fernando Valley, which is

drained by the Los Angeles River and its tributaries. The San Fernando Valley is

located in the southern portion of the Transverse Ranges geomorphic province, which

is characterized by roughly east-west trending structural features consisting of folding

and thrust faulting, in contrast to the predominant northwest-southeast structural trend

with strike-slip faulting of the other geomorphic provinces in California.
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The Site is located in the northern portion of the Los Angeles River Narrows, near the

San Fernando Valley’s downstream terminus, where the antecedent river has incised a

channel between the Hollywood Hills of the Santa Monica Mountains to the west of the

Site, and the Verdugo Mountains and San Rafael Hills to the east of the Site. The Site

is located approximately 0.75 mile east of the Hollywood Hills and approximately 2

miles southwest of the Verdugo Mountains.

The Site is situated on the surface of a southwest-sloping alluvial fan formed by

Verdugo Creek, located approximately 1 mile to the north. Undivided, young alluvial-

fan deposits of Holocene age are mapped as underlying the Site (USGS, 2005). The

fan deposits consist of unconsolidated gravel, sand, and silt; and boulders near

mountain fronts, deposited chiefly from flooding streams and debris flows. A lithological

contact with Holocene floodplain deposits is depicted to the west of the Site, with the

deposits extending to the Los Angeles River. The floodplain deposits consist of

unconsolidated, stream-deposited silt, sand, and gravel (USGS, 2005). The Verdugo

Fault, which trends in a northwest-southeast direction, is mapped approximately 1.8

miles northeast of the Site.

According to the United States Department of Agriculture, Soil Conservation Service,

National Cooperative Soil Survey’s State Soil Geographic Database (STATSGO), as

cited by Environmental Data Resources, Inc. (EDR, 2007), the dominant soil type in the

general area of the Site has been classified as “Urban Land.” Subordinate soil types

that may appear in the area include loam, clay, silt loam, loamy sand, sandy loam, fine

sand, clay loam, gravelly-sandy loam, coarse sand, gravelly sand, and sand (EDR,

2007). Soils encountered during drilling at the Site consisted primarily of sands and

silty sands, with lesser amounts of silty clay and clayey silt (Kleinfelder, 2008b). The

near-surface soils were generally loose to medium dense, while the deeper soils were

dense to very dense. Soils below approximately 20 feet below ground surface (bgs)

were noticeably coarser.

The Site is located in the southeastern-most portion of the San Fernando Valley

Groundwater Basin (California Groundwater Basin No. 4-12). This groundwater basin

consists of the alluvium within the San Fernando Valley, and is bounded on the north

and northwest by the Santa Susana Mountains, on the north and northeast by the San
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Gabriel Mountains, on the east by the San Rafael Hills, on the south by the Santa

Monica Mountains and Chalk Hills, and on the west by the Simi Hills. The San

Fernando Valley Groundwater Basin was adjudicated in 1979 and includes the

groundwater-bearing sediments beneath the San Fernando Valley, and smaller areas

including Tujunga Valley, Browns Canyon, and the alluvial areas surrounding the

Verdugo Mountains near La Crescenta and Eagle Rock (California Department of

Water Resources [CDWR], 2004).

The alluvium comprising the valley fill in the eastern San Fernando Valley is estimated

to be at least 1,200 feet thick in places. It has been subdivided into four distinct aquifer

zones (James M. Montgomery, Consulting Engineers, Inc. [JMM], 1992):

 Upper Zone – This unit consists of layers and lenses of silt, sand, and gravel

from the ground surface to a depth of approximately 250 feet bgs. According to

results of aquifer tests, hydraulic conductivities in this aquifer zone range up to

approximately 360 feet per day (ft/day), or about 40,000 meters per year (m/yr).

 Middle Zone – This unit is approximately 50 feet thick. In much of the eastern

San Fernando Valley, it contains larger proportions of fine-grained sand and silt

than the other zones. , with few wells completed in the zone. In the Site vicinity,

it appears to consist of coarser-grained deposits, which makes the Upper and

Middle Zones difficult to distinguish lithologically in the area.

 Lower Zone – This approximately 200- to 250-foot thick unit consists of

interbedded sand, silt, and gravel, with cobbles in the upper portion. Hydraulic

conductivity ranges from approximately 130 to 900 ft/day, and most of the

groundwater pumped from the eastern San Fernando Valley is pumped from this

highly-productive zone.

 Deep Zone – Where it has been encountered, this unit consists mainly of fine-

grained, relatively low-permeability sediments, including silt and clay. Few wells

have penetrated this zone, and therefore its thickness and hydraulic

characteristics are poorly understood.
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Numerous investigations have identified regional groundwater contamination in the San

Fernando Valley Groundwater Basin caused by volatile organic compounds (VOCs)

including trichloroethene (TCE) and tetrachloroethene (PCE); petroleum compounds,

chloroform, nitrate, sulfate; and heavy metals, including Cr6+. The San Fernando Valley

includes four National Priorities List (NPL) (Superfund) sites referred to as “Areas 1

through 4.” The NPL sites are areas where groundwater from wells has been found to

contain contaminants above the state and federal drinking water standards. Federal,

state, and local agencies have been performing investigation and cleanup of

contaminated groundwater since the VOC contamination was identified to be of

concern in 1979.

Area 2, the Glendale/Crystal Springs NPL Site, covers 6,680 acres near the Crystal

Springs Well Field in the Cities of Los Angeles and Glendale. The GSOU occupies a

portion of Area 2, and includes the Site and immediately surrounding vicinity. This

groundwater contamination is linked to prewar, postwar, and current industrialization in

the area. Based on figures presented in US EPA’s First Five-Year Review Report for

San Fernando Valley – Area 2 Superfund Site (US EPA, 2008a), the impacted

groundwater extends contiguously in an upgradient direction from the Site to and

beyond California Route 134, the Ventura Freeway, which is located more than 1 mile

north of the Site.

GSOU COCs include TCE and PCE, which have been and/or are being used in the

aeronautical, automotive, dry cleaning, and metal plating industries, although Cr6+ has

recently also been identified as a focus of concern. The solvents migrated to the

groundwater as a result of usage, storage, and disposal practices. Other GSOU COCs

include 1,1-dichloroethane (1,1-DCA), 1,1-dichloroethene (1,1-DCE), 1,1,1-TCA,

cyanide, Cd, and Ni.

Although the focus of the interim remedy in the GSOU has historically been on

chlorinated solvent VOCs, US EPA is presently moving forward the organization of a

new Potentially Responsible Party (PRP) Group focused on the Cr6+ contamination.
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A search of the USGS National Water Inventory System (NWIS) Database performed

by EDR (2007) identified two water supply wells located within 1 mile of the Site. State

Well No. 01N13W19B007S is located nearly 0.5 mile north (upgradient hydrologically)

of the northern Site boundary, and has an indicated depth of 462 feet. Well screen

interval, water level, and water quality data were not reported. State Well

No. 01N13W28L001S is located nearly 1 mile east-northeast (crossgradient

hydrologically) of the Site, and has an indicated depth of 342 feet. The indicated depth

to groundwater in the well on June 4, 1997 was 91.56 feet below surface, but well

screen interval and water quality data are not reported. A search of the California

Drinking Water Quality (CA WELLS) Database performed by EDR (2007) identified one

well located within 1 mile of the Site. This well, State Well No. 01N13W28L001S, is

one of the two wells listed in the NWIS Database as indicated above. Data concerning

the screened intervals were not available.

In addition to these wells, four groundwater extraction wells are located near Goodwin

Avenue in the Site vicinity. These wells are operated by the City of Glendale as part of

the interim remedy to address the VOC cleanup of the Glendale/Crystal Springs NPL

Site. Groundwater monitoring wells associated with the Site (discussed further later

herein) and off-Site US EPA monitoring wells are also present.

The closest GSOU extraction well (GS-3) to the Site is located approximately 15 feet

west of the western Site boundary, on the adjoining property west of the Site (see Plate

2). The other three GSOU extraction wells are GS-4, located approximately 535 feet

east of the Site, north of Goodwin Avenue, between San Fernando Road West and the

Union Pacific Railroad tracks; GS-1, and GS-2. Well GS-1 is located approximately

1,500 feet west-southwest of the Site, in the Glendale Water Reclamation Plant. GS-2

is located south of the western termination of Goodwin Avenue, approximately 765 feet

west-southwest of the Site. Staff of the City of Glendale Department of Water and

Power (CGDWP) informed Kleinfelder that the total depth of GS-3 is 199 feet bgs and it

is screened between depths of approximately 84 and 174 feet bgs (note that the top of

the screen interval of GS-3 is deeper than the screen interval of the two deepest on-

Site groundwater monitoring wells [MW2 and MW3], which are screened from 39 to 69

feet bgs as discussed in the next section). The total depths of the other three extraction

wells range from 171 feet to 198 feet, and their screened intervals range from 51 feet to
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146 feet (in GS-1, the westernmost well), to 78 feet to 173 feet (in GS-4, the

easternmost well). All of these wells (including the on-Site groundwater monitoring

wells) are screened within the Upper Zone aquifer described earlier in this section.

According to CGDWP staff, wells GS-1 through GS-4 are designed to operate at a

pumping rate of 425 gallons per minute (gpm), but the pumping rate and operating

times of GS-3 are varied because of Cr6+ concentrations in the groundwater produced

from the well (CGDWP, 2008, personal communication). Kleinfelder understands that

future pumping rates of as high as 700 gpm for well GS-3 are anticipated.

Historical data indicate groundwater in the San Fernando Groundwater Basin reached

its highest levels in 1944, but excessive pumping subsequently caused drawdown

throughout the basin (California Geological Survey [CGS], 1998, Plate 1.2).

Management of the groundwater resource led to stabilizing of groundwater elevations in

the 1960s. In some areas groundwater elevations rose in the 1970s and 1980s to

levels approaching those of 1944, but data from wells monitored by the Upper Los

Angeles River Watermaster showed that water levels did not recover to 1940s levels for

most of the eastern San Fernando Valley. Measured groundwater levels from the

1970s, 1980s, and early 1990s tended to be 10 to 20 feet deeper than the 1944 water

levels, but were consistently shallower near the Los Angeles River and deeper to the

north (ibid.). On the basis of Kleinfelder’s interpolation of CGS data, the historic high

groundwater depth in the immediate Site vicinity is estimated to be approximately 36

feet bgs.

Based on the most recent groundwater monitoring data available to Kleinfelder for the

Site and nearby area, collected during a July 12, 2010 monitoring event and reported by

CCI (2010b), the groundwater surface was encountered in the three monitoring wells on

the Site (MW1 through MW3) at elevations ranging from 398.91 feet to 399.24 feet

above MSL, corresponding to depths of approximately 46.63 feet to 47.73 feet bgs.

The contoured groundwater surface elevations indicated a July 12, 2010 flow direction

generally to the southwest.
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3.3 PREVIOUS INVESTIGATIONS

The southern portion of the Site has been the subject of environmental assessments

performed by others, and the entire Site was the subject of a more recent SSA

performed by Kleinfelder in 2008 (Kleinfelder, 2008a; 2008b). These assessments

identified impact to the Site’s subsurface by chlorinated VOCs and metals (primarily

total chromium [Cr] and Cr6+, but also Cd and Ni). Results of the past environmental

assessments performed by Kleinfelder and others, and Kleinfelder’s understanding of

the regulatory status of the Site, are summarized as follows:

 AeroVironment Inc. performed a soil vapor investigation at the Excello facility on

the southern portion of the Site on November 30, 1993, installing and sampling

12 vapor probes, each of which was advanced to a depth of approximately 5 feet

bgs. The report of the assessment (AeroVironment Inc., 1993) indicated

elevated concentrations of VOCs were detected in soil vapor samples from

locations near floor drains in the central area of the Site building. Maximum VOC

concentrations reported during the 1993 soil gas investigation included 2,245.42

micrograms per liter (μg/L) of 1,1,1-TCA, 2,142.90 μg/L of carbon tetrachloride,

113.24 μg/L of TCE, 9.32 μg/L of PCE, 124.03 μg/L of 1,1-DCE, 74.06 μg/L of

1,1-DCA, and 2.70 μg/L of 1,2-dichloroethane (1,2-DCA);

 In response to LARWQCB requirement, AeroVironment Inc. performed a

subsequent soil vapor investigation at the Excello facility on the southern portion

of the Site in September 1994. A total of 16 additional soil vapor samples were

collected from 13 locations, including 10 new locations sampled at 5 feet bgs,

two November 1993 survey locations re-sampled at 5 feet bgs, and one new

location and three November 1993 survey locations sampled at 15 feet bgs. The

report of the assessment (AeroVironment Inc., 1994) indicated all but one of the

16 soil vapor samples contained detectable concentrations of VOCs. Maximum

reported VOC concentrations were in the 5-foot bgs samples, and included

6,605.03 μg/L of 1,1,1-TCA, 500.50 μg/L of TCE, 58.16 μg/L of PCE, 56.38 μg/L

of 1,1-DCE, and 1.54 μg/L of 1,1-DCA. The VOCs 1,2-DCA and carbon

tetrachloride were not detected in the September 1994 samples. AeroVironment

Inc. indicated it had reviewed chromatograms from the November 1993

investigation and concluded that a large peak identified as carbon tetrachloride
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on one of the chromatograms had likely been misidentified and should instead

have been identified as a larger quantity of 1,1,1-TCA. AeroVironment Inc.

indicated the results of the September 1994 survey, like the November 1993

survey, suggested that soils beneath this portion of the Site had been impacted

with VOCs, via the floor drains inside the building in the vicinity of the area of

greatest impact. AeroVironment Inc. concluded based on the results of the 15-

foot-bgs samples that VOCs were present at this depth but at lower

concentrations than in the 5-foot bgs samples.

 Daly Environmental Services (Daly) performed a soil gas survey and

“groundwater investigation” in 1996 at the Excello facility on the southern portion

of the Site (Daly, 1996). The investigation goals were reportedly to assess

whether a continuous profile of chlorinated hydrocarbon VOCs existed from near

the ground surface to groundwater (at an estimated depth of 40 feet bgs at the

approximate time of the investigation), whether groundwater beneath the facility

was impacted as a result of operations at the Site, and if so, to what extent. A

total of 12 soil vapor samples were collected on August 8, 1996 from six

locations. Samples were collect at depths of 25 and 35 feet bgs at most

locations, with the exceptions of one location where a 5-foot bgs sample was

also collected and another location where only a 25-foot bgs sample was

collected. The location where the 5-foot bgs sample was collected was the

location sampled in September 1994 with the highest detected 1,1,1-TCA

concentration (6,605.03 μg/L). The remaining locations sampled in 1994 that had

elevated VOC concentrations in 5-foot bgs vapor samples were not re-sampled

in 1996. The analytical results of the August 1996 samples indicated VOC

concentrations at lower concentrations than previously detected, with maximum

concentrations of 7.8 μg/L of 1,1-DCE, 103 μg/L of 1,1,1-TCA, 65 μg/L of TCE,

18 μg/L of PCE, and 0.6 μg/L of 1,1-DCA (which was detected in one sample

only). For most of the VOCs, the highest detected concentrations were in the 5-

foot bgs sample. LARWQCB reportedly permitted Excello and its consultant,

Daly, to perform the 1996 groundwater investigation by reviewing available

analytical data of groundwater samples collected by others from off-Site wells

installed during previous investigations. Daly reported that TCE and PCE were
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detected in groundwater samples from the various off-Site wells, and that VOC

sources may exist off the Site.

 Based on the results of the September 30, 1996 soil vapor survey and

groundwater investigation report prepared by Daly, and other information

contained in LARWQCB files, LARWQCB indicated in a December 26, 1996

letter that there were no further requirements concerning the Site with respect to

the Well Investigation Program. LARWQCB indicated that, although initial soil

vapor sampling at the Site indicated high VOC concentrations, the last (1996)

soil vapor sampling apparently indicated that either the impact had diminished by

natural processes or it was limited to a small volume of soil.

 An April 23, 2001 internal LARWQCB file letter indicates an inspection was

performed at the Excello facility by LARWQCB on March 29, 2001 to assess the

threat posed by Cr and other heavy metals and to inspect the operating

conditions. The letter noted that the facility had occupied the Site for

approximately 44 years (at the time), and wastewater at the Site was channeled

through a multi-stage clarifier prior to being discharged to the municipal sewer

system. It was noted by the inspector after a review of the LARWQCB files that

the Site had been investigated for VOCs under the previous Superfund

investigation, during which soil vapor probes were installed and sampled for

VOCs at depths ranging from just below ground surface to 35 feet bgs in 1993,

1994, and 1996. It was further noted that VOCs, including 1,1,1-TCA, TCE,

PCE, 1,1-DCE, and 1,1-DCA, were detected at “moderate to elevated”

concentrations in soil vapor, and moderate concentrations of the contaminants

were detected in US EPA groundwater monitoring wells directly downgradient of

the facility. The letter indicated that, to-date, no soil or groundwater samples had

been collected for analysis of metal concentrations. LARWQCB recommended,

based on the inspection, that a subsurface investigation be conducted in the

vicinity of the plating and anodizing areas, in the area of the floor drain where

VOCs were previously detected at high concentrations, in the areas of active or

former drum or chemical storage, and adjacent to the wastewater treatment

system. Samples from these locations were required to be analyzed for Cr6+ and

other California Code of Regulations (CCR) Title 22 Metals.
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 On January 29, 2002, the City of Glendale adopted a measure that identified a

voluntary cleanup goal for Cr6+ in drinking water of 5 μg/L (Appendix F).

 LARWQCB issued a June 20, 2003 Cleanup and Abatement Order (CAO) (No.

R4-2003-0038) concerning the Site, ordering Excello to assess, clean up, and

abate the effects of wastes discharged to soil and groundwater at the facility.

 According to a Consent Order signed by Excello on July 26, 2004 and by DTSC

on August 5, 2004, an inspection by DTSC and LARWQCB of the Site was

performed on August 21 through 26, 2002. The inspection revealed various

violations at the facility, including treating waste cyanide solutions; storing waste

chromic acid, and waste from chrome anodizing processes without a permit;

failing to remove a leaking tank containing chromic acid; disposing

Cr6+-contaminated beads and brass polishing waste containing Cu, Ni, zinc, and

lead in municipal trash; and disposing of spent PCE in floor sumps. In addition,

a “green liquid” was observed oozing from the bottom of the west wall of the

building. (In April 2009, as the City of Glendale prepared to commence its work

to install additional equipment associated with Well GS-3 on the adjoining

property west of the Site, soil sampling was performed in the vicinity of the

greenish, yellow stained area at the bottom of the west wall of the building.

According to the report of analytical results [American Scientific Laboratories,

LLC, 2009], the maximum concentration of Cr6+ detected in soil sampled from the

location was 1.62 mg/kg, which is below the generic Cr6+ industrial risk-based soil

screening level.)

 On June 2, 2005 LARWQCB issued Revised CAO No. R4-2003-0038-R

concerning the Site to Excello and The Spirito Family Trust. This revised CAO

indicated that Excello was named a responsible party by US EPA for releasing

chlorinated solvents and heavy metals, including Cr, within the GSOU of the San

Fernando Valley Superfund Site. It further indicated that, although Excello was

issued a December 26, 1996 “No Further Requirements” letter based on

sampling performed in 1993, 1994, and 1996, Excello did not test for the

“emerging chemicals” 1,4-dioxane, which is a common stabilizer for TCE, PCE,

and 1,1,1-TCA; and 1,2,3-trichloropropane (1,2,3-TCP), which is commonly used
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as a paint and varnish remover, solvent, and degreasing agent. The revised

CAO also indicated that Excello had not tested for heavy metal contaminants

(including Cr6+). Therefore, the revised CAO was issued to ensure that Excello

and The Spirito Family Trust conduct an assessment on Site, and if necessary,

off Site, to assess the lateral and vertical extent of emerging chemicals and

heavy metal contaminants (including Cr6+), and if necessary, undertake

remediation of impacted soil and groundwater on Site and off Site.

 In December 2005, The Spirito Family Trust retained the services of

Environmental Recovery Services, Inc. to clean up aboveground abandoned

items at the Excello facility on the Site in response to a DTSC order

(Environmental Recovery Services, Inc., 2006). These actions were taken after

Excello had abandoned the property. Containers and tanks were pressure

washed and triple rinsed, cut up, and disposed off Site. Caps were installed at

the clarifier inlet and outlet, the clarifier was covered with Visqueen, and sand

bags were placed to prevent entrance of liquids into the clarifier system. The

parking lot was pressure washed, and the resulting rinsate was collected in totes

and disposed.

Ceres Associates performed a soil and groundwater investigation of the southern

portion of the Site in early 2006, as discussed and approved by LARWQCB, US

EPA, and The Spirito Family Trust. According to the report of the investigation

(Ceres Associates, 2006a), the investigation was performed to assess the nature

and extent of VOCs including the “emergent chemicals,” 1,4-dioxane and 1,2,3-

TCP; and heavy metals, including Cr6+, in response to the June 2, 2005 CAO.

The investigation included the collection of soil samples from 16 soil borings,

drilled between February 6 and 8, 2006, at locations including the decorative

chrome plating area, anodized plating process area, hard chrome process area,

and adjacent to the clarifier. Based on the results of soil samples analyzed

during the investigation, 1,4-dioxane and 1,2,3-TCP were not detected at

concentrations above their respective detection limits. Cyanide was detected in

12 of 94 analyzed soil samples at concentrations ranging from 0.52 parts per

million (ppm) to 26 ppm, with the highest concentration detected in a 1-foot bgs

soil sample.
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 The February 2006 investigation included installation of three groundwater

monitoring wells (MW1, MW2, and MW3) on the southern portion of the Site.

Well MW1 is screened from 35 feet to 65 feet bgs, and Wells MW2 and MW3

are screened from 39 to 69 feet bgs. Ceres Associates sampled the three

on-Site wells on February 23, 2006, and the groundwater samples were

analyzed for CCR Title 22 metals (including Cr6+), VOCs, and cyanide. Samples

from Wells MW1 and MW2 were also analyzed for 1,4-dioxane and 1,2,3-TCP.

Cyanide and 1,2,3-TCP were not detected in the groundwater samples.

Concentrations of Cr6+ were detected at respective concentrations of 283 μg/L

and 317 μg/L in the samples from Wells MW2 and MW3 (both located

downgradient from the Former Hard Chrome Processing Area), and at 96.6 μg/L

in the sample from Well MW1 (near the four-stage clarifier). The emergent

chemical, 1,4-dioxane, was detected in the samples from Wells MW1 and MW2

at respective concentrations of 3.6 μg/L and 4.9 μg/L. Concentrations of PCE

(51 μg/L to 100 μg/L) and TCE (130 μg/L to 200 μg/L) were also detected in the

samples from the three wells. The groundwater sample from well MW1 (near the

clarifier) contained the lowest PCE and TCE concentrations, and the sample

from well MW3 (between the Hard Chrome Process and Anodized Plating

Process Areas) contained the highest concentrations.

 Ceres Associates performed an additional soil investigation of the southern

portion of the Site later in 2006 (Ceres Associates, 2006b) to further assess the

lateral and vertical extent of heavy metal-impacted soil that was detected in

February 2006, including sampling in other areas of the former Excello facility

(i.e., by floor drains and by a former hazardous materials storage location). On

September 6 and 7, 2006, 15 soil borings were advanced and sampled. Most of

the borings were advanced to depths between 10 and 25 feet bgs; one was

intended to be drilled to a depth of 45 feet bgs, but the direct push drilling

equipment encountered refusal at a depth of 31 feet bgs. On October 5 and 6,

2006 Ceres Associates drilled and sampled seven additional borings using a

limited access hollow-stem auger drilling rig to a total depth of 45 feet bgs. As

described by Ceres Associates (2006b), analytical results of soil samples

collected during the investigation indicated that heavy metal-impacted soil in and

around the former decorative chrome processing area appeared to be limited to



101942/IRV10R214 Page 23 of 133 September 30, 2010
Copyright Kleinfelder 2010

total Cr and Ni, and to no deeper than approximately 5 feet bgs, with “no

significant concentrations” of Cr6+ detected (the maximum concentration of Cr6+

detected in this area was 28 mg/kg, detected in a 1-foot bgs sample, and the

maximum concentration in deeper samples from this area was 3.86 mg/kg, in a

5-foot bgs sample). Heavy metal-impact to soil in and around the former hard

chrome processing area appeared to be limited to total Cr and Cr6+, with the

highest concentrations of these compounds found in this area of the Site. Cr

was reported at concentrations up to 11,000 mg/kg, but at the 45-foot depth was

detected at a maximum concentration of only 27 mg/kg. Cr6+ was reported at

concentrations up to 18,400 mg/kg, but at the 45-foot depth was detected at a

maximum concentration of 1.56 mg/kg. Results of samples collected elsewhere

at the Site indicated that soil in the vicinity of the former drum storage enclosure

and hazardous materials storage shed did not appear to have been affected by

prior Site uses.

 LARWQCB issued a July 3, 2007 letter to The Spirito Family Trust, directing it to

submit by August 28, 2007 a RAP for cleanup of heavy metal and VOC soil

contamination, provide LARWQCB with a Well Installation Report as a result of

implementing the RAP, once approved; and provide quarterly groundwater

monitoring reports, with the next sequential report submittal due date being

October 15, 2007.

 LARWQCB issued a September 25, 2007 Second Amendment to Cleanup and

Abatement Order (No. R4-203-0038-R) to The Spirito Family Trust. It indicated

LARWQCB had determined that the Site was the primary source of the Cr

concentrations at GSOU Extraction Well GS-3. As previously indicated herein,

well GS-3 is located approximately 15 feet west of the western Site boundary on

the property adjoining to the west of the Site, and it is also situated

approximately 90 feet west-southwest (roughly downgradient hydrogeologically)

of the former hard chrome plating area of the Excello building. Well GS-3 is one

of eight wells (including the four wells near Goodwin Avenue and four additional

wells some miles upgradient of the Site) that serve as GSOU extraction wells for

the Glendale Treatment Plant to treat VOC-impacted groundwater for municipal

supply. LARWQCB noted Well GS-3 had been impacted by total Cr and Cr6+,
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requiring the Glendale Treatment Plant to vary the pumping/extraction rates from

this well so that the water satisfies discharge requirements for release to the Los

Angeles River. LARWQCB indicated it had therefore revised the CAO based on

the continued presence of total Cr at concentrations above the Primary Drinking

Water maximum contaminant level (MCL) in groundwater samples from the on-

Site monitoring wells; proximity of the Site to US EPA extraction well GS-3; and

increasing trend of total Cr concentrations based on a 9-year history. This

revised CAO placed Excello and The Spirito Family Trust on notice that

LARWQCB has the authority to require Excello and The Spirito Family Trust to

provide, or pay for, uninterrupted replacement of water service to the City of

Glendale, which could include wellhead treatment for US EPA extraction well

GS-3.

 Ceres Associates installed three groundwater monitoring wells at locations off

Site between September 2007 and March 2008. In September 2007, Well MW4,

which is screened from 40 feet to 70 feet bgs, was installed by Ceres Associates

near the northeastern corner of the vacated street adjoining to the east of the

Excello portion of the Site (Ceres Associates, 2008). Well MW4, shown on Plate

2, is to the north-northeast (upgradient) of the hard chrome process area in the

building that remains on the former Excello portion of the Site, and southeast

(crossgradient) of the area of buried concrete on the northern portion of the Site

that is believed to be the foundation pad of the former plating facility there. In

March 2008, wells MW5 and MW6, which are reportedly screened from 40 feet

to 65 feet bgs and 29 feet to 54 feet bgs, respectively, were installed by Ceres

Associates in Sequoia Street, one block south of Goodwin Avenue, to assess the

downgradient lateral extent of impacted groundwater (Ceres Associates, 2008).

Well MW5 is located approximately 360 feet south (downgradient) of the Site,

and well MW6 is located approximately 440 feet southwest of the Site. Recent

groundwater monitoring results for these wells available to Kleinfelder are

summarized later in this section.
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 In October 2008 Kleinfelder performed its SSA, which included sampling of soil

and soil vapor beneath the former Excello facility on the southern portion of the

Site, and beneath the area of the older plating facility formerly operated by PECI

on the northern portion of the Site. The findings were presented in Kleinfelder’s

November 26, 2008 report (Kleinfelder, 2008b), and a summary is included

herein. Selected plates from the report showing interpreted lateral and vertical

extent of key COCs are included in Appendix G. Tabulated data included in the

report are included in Appendix H.

Based on Kleinfelder’s field observations, the sampled soils were red brown, light

brown, and red gray in color, and included poorly-graded sand, silty sand, silty

clay, and clayey silt. Groundwater was not encountered in the borings. No

noticeable odors or visible staining were observed in the soil samples collected.

A photo-ionization detector (PID) used in the field to screen soil samples for the

potential presence of VOCs yielded a maximum PID reading of 14 parts per

million (ppmv), detected in the 40-foot bgs soil sample collected from Boring K-

42, located on the northern portion of the Site.

The SSA included collecting multi-depth soil samples from a total of 17 locations,

analysis of a total of 119 primary soil samples and five co-located field duplicate

samples for CCR Title 22 Metals, and analysis of five primary soil samples for

VOCs. Cd was detected in three primary soil samples collected at depths of 5 to

15 feet bgs from Boring K-41 in the northern portion of the Site, with a maximum

concentration of 168 mg/kg detected in the 10-foot bgs sample. Total Cr was

detected in 118 primary soil samples and five co-located field duplicate samples,

with the maximum concentration of 113 mg/kg detected in the 10-foot bgs

sample from Boring K-20 in the former Excello portion of the Site. Cr6+was

detected in 50 primary soil samples and 2 collocated field duplicate samples,

with the maximum concentration of 63.7 mg/kg detected in the 10-foot bgs

sample collected from Boring K-20. Ni was detected in 70 primary soil samples

and two co-located field duplicate samples, with the maximum concentration of

51.7 mg/kg detected in the 5-foot bgs sample collected from Boring K-41. TCE

was detected in one primary soil sample, the 40-foot bgs sample from Boring K-



101942/IRV10R214 Page 26 of 133 September 30, 2010
Copyright Kleinfelder 2010

42 in the northern portion of the Site, at a concentration of 0.016 mg/kg. No

other VOCs were detected in the analyzed soil samples.

A total of 128 primary soil vapor samples, plus 2 additional samples from the

probe where a purge volume-versus-concentration test was performed (Probe K-

11), were collected during the SSA. Seven field duplicate soil vapor samples

were also collected.

TCE was detected in 127 primary vapor samples and the seven co-located field

duplicate samples, with the maximum concentration, 2,043 μg/L, detected in the

5-foot bgs sample collected from Probe K-35 in the northern portion of the Site.

PCE was detected in 128 primary samples and the seven co-located field

duplicate samples, with the maximum concentration, 105 μg/L, detected in the 5-

foot bgs sample collected from Probe K-36 in the northern portion of the Site.

The chemical 1,1,1-TCA was detected in 66 primary samples, and three of the

co-located field duplicate samples, with the maximum concentration, 19 μg/L,

detected in the 5-foot bgs sample collected from Probe K-11 in the former

Excello portion of the Site.

Concentrations of TCE and 1,1,1-TCA in vapor samples collected from beneath

the central portion of the Excello facility were lower than concentrations reported

in soil vapor samples collected from this general area during Daly’s prior 1996

investigation of the facility, although PCE concentrations were somewhat higher

in the samples from Kleinfelder’s assessment of this area than in the 1996

samples.

Other VOCs detected in the SSA vapor samples included 1,1-DCE, which was

detected in 36 of 135 analyzed samples at a maximum concentration of 1.3 μg/L.

Although 1,1-DCA was reported as detected in one of the 135 samples, the

concentration was 0.1 μg/L and should not have been reported as a detect

because this concentration was below the laboratory reporting limit.
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SSA results obtained on the northern portion of the Site, which had not been

previously assessed, indicated the presence of an area of limited lateral and

vertical extent with elevated concentrations of cadmium in soil, and a soil vapor

plume containing elevated concentrations of TCE, with lower concentrations of

PCE. The maximum TCE and PCE concentrations in this area were higher than

the concentrations detected on the former Excello portion of the Site. The

presence of these constituents appeared consistent with the historic operation of

the plating facility known to have formerly been on the northern portion of the

Site. The vapor plume in this area appeared to extend southward (consistent

with the current groundwater flow direction) beneath the northern portion of the

former Excello facility, especially in the deeper vadose-zone soils.

Detected concentrations of analytes in the SSA soil vapor samples were

compared to soil gas CHHSLs for commercial/industrial scenarios (Cal/EPA,

2005a), and metals concentrations in soil were compared to US EPA Regional

Screening Levels (RSLs) and generic Soil Screening Levels (SSLs) for protection

of groundwater (US EPA, 2008b), CCR Title 22 hazardous waste thresholds, and

commercial/industrial land use soil CHHSLs (Cal/EPA, 2005a). Results of this

comparison indicated concentrations of primarily Cr6+, TCE, and PCE that

exceed their respective CHHSLs for commercial/industrial land use exist beneath

the former Excello facility (Kleinfelder, 2008b). The concentrations of 1,1,1-TCA

detected beneath the former Excello facility were below its CHHSL for

commercial/industrial land use.

Based on the combined results of Ceres Associates’ 2006 soil sampling

investigations and the SSA, it appeared that the extent of TCE-, PCE-, and

1,1,1-TCA-impacted soil vapor and heavy metals-impacted (primarily total Cr and

Cr6+) soil within the Excello facility boundaries had been adequately assessed

such that Site-specific, risk-based decisions regarding future remedial actions

might be made. Based on the results of the SSA, it likewise appeared that the

northern portion of the Site had been adequately assessed for such purposes.

Results obtained on the northern portion of the Site indicated concentrations of

Cd, TCE, and PCE exceeding their respective CHHSLs for commercial/industrial

land use.
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 In 2009 and 2010, Excello monitoring wells MW1 through MW6 were monitored

and sampled three times, on June 5 and December 29, 2009, and July 12, 2010.

Results of the events are reported in CCI monitoring reports (CCI, 2009; 2010a;

2010b). The June 2009 analytical results for the on-Site well groundwater

samples indicated Cr6+ was detected at concentrations ranging from 270 μg/L

(MW2) to 1,500 μg/L (MW1), and TCE and PCE were detected at maximum

concentrations of 180 μg/L and 66 μg/L in the sample from MW3. The sample

from off-Site MW4 also contained Cr6+, TCE, and PCE, at respective

concentrations of 190 μg/L, 140 μg/L, and 51 μg/L. The December analytical

results for the on-Site well groundwater samples indicated Cr6+ was detected at

concentrations of 230 μg/L (MW2) and 240 μg/L (MW1 and MW3). TCE and

PCE were detected in the samples at maximum concentrations of 180 μg/L

(MW2) and 67 μg/L (MW2 and MW3), respectively. The sample from off-Site

MW4 also contained Cr6+, TCE, and PCE, at respective concentrations of 180

μg/L, 130 μg/L, and 54 μg/L. The July analytical results for the on-Site well

groundwater samples indicated Cr6+ was detected at concentrations of 190 μg/L

(MW3) and 240 μg/L (MW1 and MW2). TCE and PCE were detected in the

samples at maximum concentrations of 150 μg/L (MW2) and 50 μg/L (MW2),

respectively. The sample from off-Site MW4 also contained Cr6+, TCE, and

PCE, at respective concentrations of 180 μg/L, 130 μg/L, and 51 μg/L. MW4 is

located near the east side of the vacated street adjoining to the east of the Site,

at a location that is to the north-northeast (upgradient) of the hard chrome

process area, and southeast (crossgradient) of the area of buried concrete on

the northern portion of the Site. Based on the location of MW4, the groundwater

impact there appears to be associated with the San Fernando Valley

Groundwater Basin regional groundwater contamination, as described in US

EPA summaries of upgradient sources, rather than with the Site.
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In Kleinfelder’s opinion, the groundwater beneath the Site appears to be impacted by

Cr6+ and TCE from known upgradient sources that are part of a regional groundwater

plume, as described in:

 First Five-Year Review Report for San Fernando Valley - Area 2 Superfund Site,

Los Angeles County, California (5-Year Review); and

 LARWQCBs Chromium VI Investigation: San Fernando Valley Phase I:

Inspections Final Report (SFV Investigation).

Figures 3-1 and 3-2 from the 5-Year Review show the presence of Cr6+ and TCE in

groundwater within the GSOU. Figure 2 from the SFV Investigation presents the

general direction of groundwater flow through the GSOU, which is generally south to

southeast. These figures imply that the regional groundwater plume located north of

Colorado Street and upgradient of the Site is impacted with Cr6+ and TCE and is

potentially influencing conditions beneath the Site.

Concentrations of Cr6+, TCE, and PCE in groundwater samples collected in July 2010,

in upgradient Well MW4 and downgradient wells MW1, MW5, and MW6 of the Site’s

monitoring well network, are generally consistent. The sample from upgradient well

MW4 contained Cr6+, TCE, and PCE at respective concentrations of 180 μg/L,

130 μg/L, and 51 μg/L. The sample from downgradient well MW1 contained Cr6+, TCE,

and PCE at respective concentrations of 240 μg/L, 110 μg/L, and 35 μg/L. The sample

from downgradient off-Site well MW5 contained Cr6+, TCE, and PCE at respective

concentrations of 290 μg/L, 56 μg/L, and 66 μg/L. The sample from downgradient off-

Site well MW6 contained Cr6+, TCE, and PCE at respective concentrations of 130 μg/L,

30 μg/L, and 36 μg/L (CCI, 2010b). The off-Site wells are not further discussed herein

because the focus of this RAP is the Site and the remediation of vadose-zone soil

contamination at the Site.

3.4 PREVIOUS REMEDIAL ACTIONS

In December 2005 aboveground abandoned items at the former Excello facility on the

Site were cleaned up and removed. No remedial actions for soil have been reported at

the Site to date.
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4. COC EVALUATION

Kleinfelder compared detected concentrations of analytes in soil and soil vapor from

previous Site assessment activities to RSLs published by US EPA in May 2010 and to

CHHSLs published by California EPA (Cal/EPA) in January 2005. Some analytes do

not have an RSL and/or CHHSL. Based on results of the comparisons, chemicals of

potential concern (COPCs), which include Cr, Cr6+, Cd, and Ni in soil, and PCE and

TCE in soil vapor, were selected (see Section 4.1). Site-specific SSLs (see Section

4.2) were developed for metals COPCs in soil using the Soil Screening Guidance

(SSG) published by US EPA (US EPA, 1996a) and an associated Technical

Background Document (TBD) also published by US EPA (US EPA, 1996b), as updated

by the Supplemental Guidance for Developing Soil Screening Levels for Superfund

Sites (US EPA, 2002b). Site-specific SSLs for volatile COPCs were developed using

the Johnson and Ettinger (J&E) Model (see Section 4.2). Previous assessment data

were compared to results of Site-specific SSL calculations to select the COCs that are

addressed by this RAP (see Section 4.3). Site-specific remediation goals were selected

as discussed in Section 4.4.

4.1 COPCs

Based on Kleinfelder’s evaluation of Site assessment data and as summarized below,

the inorganic COPCs include total Cr, Cr6+, Cd, and Ni. Concentrations of cyanide and

other detected metals (except arsenic) were below their respective Industrial RSLs and

Commercial/Industrial CHHSLs, and so are not considered Site COPCs. Arsenic was

judged to be present at approximate regional background levels, and so was also not

considered a COPC.
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COPC Evaluation Results Summary for Metals and Cyanide
(Site-Wide Soil Data, Ceres Associates 2006a and 2006b, and Kleinfelder 2008 Assessments, Excluding

Duplicates)

Analyte

No.
Samples
Analyzed

No.
Detects

Maximum
Concentration

(mg/kg)

Industrial
Soil RSL
(mg/kg)

Commercial/
Industrial

Soil CHHSL
(mg/kg) COPC?

Total Chromium 345 342 11,000 NV 100,000* No

Hex. Chromium 344 173 18,400 5.6 37 Yes

Cadmium 345 35 230 800 7.5 Yes

Nickel 345 266 2,600 20,000** 16,000 Yes***

Arsenic 345 35 3.5 1.6 0.24 No****

Cobalt 345 308 23.9 300 3,200 No

Copper 345 329 720 41,000 38,000 No

Lead 345 287 340 800 3,500 No

Mercury 345 20 0.58 310** 180 No

Zinc 345 337 440 310,000 100,000 No

Cyanide 94 12 26 20,000 NV No

NV – No published value.

* – Value used for Cr
3+

.
** – Value used for soluble or inorganic salts.
*** – Although maximum detected concentration is below both RSL and CHHSL, LARWQCB indicated
nickel is a recognized Site COPC.
**** – Arsenic concentrations were judged to be at approximate regional background levels.

Kleinfelder’s 2008 Site-wide soil vapor survey VOC data were evaluated for the

selection of VOC COPCs. VOCs that consistently exceeded their respective Industrial

RSLs and/or Commercial/Industrial CHHSLs were selected as COPCs. Based on

Kleinfelder’s evaluation and as summarized below, the Site VOC COPCs include PCE

and TCE. The chemical 1,1,1-TCA was not included as a COPC because maximum

concentrations in soil vapor are below the commercial/industrial CHHSL. The VOCs

1,1-DCA and 1,1-DCE were each detected in one soil vapor sample at concentrations

below the laboratory reporting limit, and are not considered Site COPCs.
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COPC Evaluation Results Summary for VOCs
(Site-Wide Soil Vapor Data, Kleinfelder 2008, Excluding Duplicates)

Analyte

No.
Samples
Analyzed

No.
Detects

Maximum
Concentration

(µg/L)

Maximum
Concentration

(µg/m
3
)

Commercial/
Industrial
Soil Vapor

CHHSL
(µg/m

3
) COPC?

TCE 128 127 2,043 2.04E+06 1.77E+03 Yes

PCE 128 128 105 1.05E+05 603 Yes

1,1,1-TCA 128 66 19 19,000 2.79E+06 No

1,1-DCE 128 34 1.3 1,300 NV No

1,1-DCA 128 1* 0.1 100 NV No

1,2-DCE 128 1* 0.4 400 4.44E+04** No

Chloroform 128 34 0.9 900 NV No

Other VOCs 128 0 -- -- Vary No

NV – No published value.

* – Detect was at concentration below laboratory reporting limit.
** – Value used for cis-1,2-DCE, which is lower than the 8.87E+05 microgram per cubic meter

(µg/m
3
) value for trans-1,2-DCE.

4.2 SITE-SPECIFIC SSLs CALCULATIONS

Site-specific SSLs were developed for metals COPCs in soil using the SSG published

by US EPA (US EPA, 1996a) and an associated TBD, also published by US EPA (US

EPA, 1996b), as updated by the Supplemental Guidance for Developing Soil Screening

Levels for Superfund Sites (US EPA, 2002b). These documents provide a series of

equations designed to estimate the maximum concentration of a COPC that may

remain in soil and be protective of groundwater and ultimately human health. A

detailed description of this methodology was presented in Kleinfelder’s Site-Specific

Cleanup Goals Workplan (Kleinfelder, 2009). Equations presented in the SSG address

the potential for metals to leach from soils to groundwater, and then be transported to a

sensitive receptor (in this case, specifically via consumption of groundwater provided

through the municipal supply). SSL calculation summaries, and excerpts from the SSG

and TBD which discuss derivation and use of equations to calculate Site-specific SSLs,

are presented in Appendix I.

The SSG equations required a combination of parameters established by US EPA in

the referenced guidance documentation and Site-specific input parameters. The Site-

specific input parameters were obtained via soil sampling and analyses, as described

elsewhere herein.
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In addition, Kleinfelder calculated SSLs for COPCs in soil vapor. The Site-specific

SSLs were developed to address two potential pathways: 1) inhalation of VOCs

resulting from intrusion into a hypothetical warehouse on the Site; and 2) partitioning of

vapor phase VOCs into groundwater followed by ingestion of impacted groundwater by

receptors.

The J&E Model was used to estimate concentrations of vapor phase PCE and TCE that

could be present in soil vapor beneath the Site and still be protective of human health in

a warehouse (see Appendix J). A calculation assuming equilibrium between the

concentrations of PCE and TCE in soil vapor and dissolved PCE and TCE

concentrations in groundwater was also used to develop Site-specific SSLs for

protection of groundwater. These Site-specific SSLs were developed using Henry’s

Law constants, along with the estimated groundwater temperature and partial pressure

of the chemicals. These calculations estimate the concentrations of vapor phase PCE

and TCE that could be present in soil vapor and maintain target groundwater

concentrations (i.e., MCLs). Kleinfelder also assessed risks associated with a post-

remediation scenario for residents within 100 feet of the Site.

4.2.1 Site-Specific Soil Parameter Sampling and Analyses

Pursuant to the Site-Specific Clean-Up Goals Workplan (Kleinfelder, 2009), two

additional soil borings were advanced at the Site on November 6, 2009, and soil

samples were collected and analyzed for physical parameters for use as input values

for the various SSG equations, thereby facilitating calculation of the Site-specific SSLs.

Borings KLF-1 and KLF-2 were advanced to respective depths of approximately 43.5

and 45.5 feet bgs at the locations shown on Plate 2. Based on results of this and prior

Site assessments, soil lithology appears to be relatively consistent across the Site

(Kleinfelder, 2008b); therefore, collection of soil samples from the two borings was

expected to provide representative samples for testing of the needed soil physical

parameters.
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The location of the boring inside the building formerly used by Excello was selected for

collection of soil samples within the approximate area where the highest concentrations

of Cr6+ were encountered during previous Site assessments. The location of the second

boring, which is on the northern portion of the Site that was formerly used by PECI, was

in the area of highest Cd concentrations encountered during the SSA.

Prior to drilling, Kleinfelder updated the existing Site-Specific Health and Safety Plan

(HASP) to address potential hazards related to drilling and sampling activities. A visit to

the Site was performed to mark the boring locations, evaluate drilling rig accessibility,

and identify overhead hazards. Underground Service Alert (USA), a public utility

locating service, was notified at least 48 hours (2 business days) prior to the

commencement of intrusive field work. A private utility locating company was

contracted by Kleinfelder and performed a geophysical survey to identify detectable

subsurface utilities before drilling commenced. No such utilities were found in the

immediate vicinity of the drilling locations.

The two soil borings were drilled using a limited access, modified Central Mine

Equipment (CME) drilling rig equipped with 8-inch outer diameter (OD) hollow-stem

augers. The initial approximate 5 feet of each boring were advanced by hand auger.

Soil samples were collected from the borings and contained in decontaminated

stainless-steel sample sleeves. The boring drilled on the Excello portion of the Site was

sampled “continuously” (by taking successive samples, with each sample collected

directly beneath the previous sample taken) from a depth of approximately 5 feet bgs to

its total depth.

Soil from the boring located on the portion of the Site formerly used by PECI was

sampled at intervals between approximately 20 feet to 25 feet bgs and 40 feet to 45

feet bgs. Retrieved samples were examined in the field, and selected samples

representative of the lithologies encountered were retained for physical parameter

analysis, on the basis of field observations. Ends of each sleeve retained for analyses

were covered with Teflon sheets and plastic caps, and the sleeves were labeled with

appropriate sample information. Sample handling and chain-of-custody procedures

were performed consistent with US EPA SW-846 protocol (US EPA, 1996c). Following

its collection, each soil sample was promptly placed in an ice-chilled cooler, where it
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was stored at 4 degrees Celsius (°C) ± 2° C until relinquished to the analytical

laboratory.

Downhole drilling equipment was high-pressure washed before each boring was

advanced. Sampling equipment was cleaned in a detergent solution and double rinsed

with potable water before each sample was collected.

Soil borings were logged by a Kleinfelder staff professional under the guidance of a

California-registered Professional Geologist. Soil was classified in general accordance

with visual procedures as provided by the United Soil Classification System (USCS) in

ASTM International (formerly American Society of Testing and Materials) Designation D

2488 09, Standard Practice for Description and Identification of Soils (Visual-Manual

Procedure). Logs of Borings KLF-1 and KLF-2 are included in Appendix K.

Soil samples were screened in the field for presence of total VOCs with a PID.

Selected soil samples were submitted to Kleinfelder’s Long Beach geotechnical testing

laboratory, which analyzed the samples for physical parameters per specified methods

as follows (PTS Laboratories performed the organic carbon analysis):

Physical Soil Parameter Analytical Method

Soil texture (particle size analysis) ASTM D 6913-04

Dry bulk density (ρb) ASTM D 2937-04

Water-filled porosity (Ww) ASTM D 2216-05

Soil organic carbon (foc) Walkley-Black Method

Soil pH ASTM D 4972-01 / CT 643

US EPA's National Contingency Plan requires that management of investigation derived

waste (IDW) generated during sampling comply with all applicable or relevant and

appropriate requirements to the extent practicable. Management of IDW associated

with drilling and sampling of the two soil borings followed guidance provided in US

EPA’s Office of Emergency and Remedial Response Directive 9345.3 02 (US EPA,

1991). Excess soil from the borings was handled as IDW and placed into Department

of Transportation (DOT)-approved 55-gallon drums for temporary storage on the Site

pending receipt of analytical results and profiling for disposal at an appropriate facility.
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Used personal protective equipment (PPE) and disposable sampling equipment was

also drummed and managed as IDW. Decontamination fluids generated during the

sampling event included de-ionized water, potentially-impacted soil residue, and tap

water containing non-phosphate detergent. The decontamination fluid was handled as

IDW and placed into DOT-approved 55-gallon drums for temporary storage on the Site.

Based on analytical results, the IDW was profiled as a Resource Conservation and

Recovery Act (RCRA) hazardous waste, and removed on January 15, 2009 from the

Site, under hazardous waste manifest, for disposal at the US Ecology, Beatty, Nevada

Class I disposal facility.

4.2.2 Site-Specific Soil Parameter Analytical Results

Soil sample physical parameter testing results are included in Appendix K and

summarized below:

Soil Physical Parameter
Analytical
Method

Average
Result

Analytical Results
Range

Value Used in
SSLs

Calculations

Soil texture (particle size
analysis)

ASTM D 6913-04 NA Clayey Sand, Sand
with Silt, and Sandy

Silt

NA

Dry bulk density (ρb)

(kilograms per liter [kg/L])

ASTM D 2937-04 1.44 1.19 – 1.73 1.44

Moisture content (Ww)

(pounds per cubic foot [lb/ft
3
])

ASTM D 2216-05 10.3 2.9 – 22.9 10.3

Soil organic carbon (foc)

(grams per gram [g/g])

Walkley-Black 0.00023 0.00014 – 0.00027 NA

Soil pH

(pH units)

ASTM D 4972-01 8.0 7.9 – 8.2 8.0

NA – Not applicable.
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As previously noted, Boring KLF-1, drilled on the southern portion of the Site inside the

building formerly used by Excello, was continuously sampled from approximately 5 feet

bgs to its total depth of approximately 43.5 feet bgs. Based on visual logging of soil

samples collected from the boring (see log of Boring KLF-1 included in Appendix K),

approximately 4 feet of artificial fill, consisting of silty sand, was encountered beneath

the approximately 6-inch thick concrete floor slab of the building. Visual logging

indicated the underlying 39-foot-thick interval of native soils consists of interlayered

sand (comprising approximately 15 percent of the total interval), sand with silt

(comprising approximately 40 percent of the total interval), silty sand (comprising

approximately 19 percent of the total interval), sandy silt (comprising approximately 18

percent of the total interval), and clayey sand (comprising approximately 8 percent of

the total interval). These observations suggest that vadose soils beneath the Site

contain appreciably higher proportions of fines (i.e., silt and clay) than the sands and

gravels of the underlying groundwater aquifer from which nearby off-Site well GS-3

produces.

4.2.3 Calculation of Site-Specific SSLs

Equations, models, and protocols from the SSG used for calculation of Site-specific

SSLs are presented herein, and are summarized in detail in Appendix I. Kleinfelder

used available Site-specific assessment data, soil physical parameter data, and values

from indicated references as input to the equations discussed below.

The SSG uses a linear equilibrium soil/water partition equation, or a leach model, to

estimate contaminant release in soil leachate. It also uses a water-balance equation to

calculate a dilution factor to account for reduction of soil leachate concentration from

mixing in an aquifer (US EPA, 1996a). SSLs were calculated per the SSG for each of

the Site-specific metal COPCs, including total Cr, Cr6+, Cd, and Ni, to allow comparison

of previous assessment data to the SSLs for selection of Site-specific COCs.
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Calculation of Site-specific SSLs required identification of SSL equations for relevant

exposure pathways, Site-specific input parameters derived from the Conceptual Site

Model (CSM) summary, and the replacement of default values in SSL equations with

Site-specific data. Relevant equations from the SSG (US EPA, 1996a) used to

calculate Site-specific SSLs for leaching of COPCs from soil to groundwater, with their

equation numbers as per the US EPA guidance document, include:

 Equation 10 – SSL Partitioning Equation for Migration to Ground Water

 Equation 11 – Derivation of Dilution Factor

 Equation 12 – Estimation of Mixing Zone Depth

The primary equation for calculation of Site-specific SSLs is Equation 10, which is

based on several general simplifying assumptions that may over-estimate the risk

associated with residual concentrations of COPCs in soil leaching into groundwater.

Results of Equation 10 can be modified by applying a dilution factor, which accounts for

attenuation of COCs as leachate diluted by clean groundwater, and is calculated using

Equation 11.

The result produced by Equation 12, which is the mixing zone depth, is used as an

input value for Equation 11.
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Equation 10 – SSL Partitioning Equation for Migration to Ground Water

Equation 10 calculates a Site-specific SSL as a function of target COC concentrations

in leachate, and the partitioning of COCs between the soil organic carbon and pore

water (leachate). Equation 10 is based on several simplifying assumptions. These

assumptions include:

 an infinite source (i.e., steady-state source concentrations are maintained over

the exposure period);

 uniformly-distributed contamination from the surface to the top of the aquifer;

 no contaminant attenuation (i.e., no adsorption, biodegradation, or chemical

degradation) in soil;

 instantaneous and linear equilibrium soil/water partitioning;

 an unconfined, unconsolidated aquifer with homogeneous and isotropic

hydrologic properties;

 receptor well at the downgradient edge of the source, that is screened within the

plume;

 no contaminant attenuation in the aquifer; and

 no non-aqueous phase liquids (NAPLs) are present (i.e., if NAPLs are present,

the SSLs do not apply).

The SSL partitioning equation for migration to groundwater (Equation 10) is as follows:

Soil Screening Level (mg/kg) = Cw [Kd + (θw + θa  H’) / ρb)]
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Definitions of the equation parameters, input values used for calculation of the SSLs,

and sources follow:

Parameter/Definition (units) Input Parameter(s) Reference/Source

Cw = Target soil leachate of COC (mg/L) 0.005

0.00006

Glendale Voluntary Cleanup Goal;
Office of Environmental Health
Hazard Assessment (OEHHA)
Draft Preliminary Health Goal
(PHG).

Kd = Soil-water partition coefficient
(liters per kilogram [L/kg])

Total Cr 4.3E+06
Cr

6+
1.4E+01

Cd 4.3E+03
Ni 1.9E+03

Kd value for inorganics using
chemical-specific values from
Appendix D of the SSG.

Koc = Soil-organic carbon/water partition
coefficient (L/kg)

Not applicable (NA) for
inorganics

Chemical-specific values from
Appendix D of the SSG.

foc = fraction organic carbon in soil (g/g) NA for inorganics
0.00023 for organics

Site-specific value acquired
during November 2009 field
sampling and analysis for
organics; NA for inorganics.

θw = Water-filled soil porosity (liters
water per liters soil [Lwater/Lsoil])

0.139

Range (0.04 to 0.272)

Site-specific value for soil
moisture content (Ww) acquired
by field sampling and analysis and
used for the calculation of θw,
where
θw = Ww/(VS/ρw),
Ww = weight of water in sample,
VS = volume of soil sample, and
ρw = density of water.

θa = Air-filled soil porosity (liters air per
liters soil Lair/ Lsoil])

NA for inorganics θa= n - θw using n from below and
value for θw as calculated above.

ρb = Dry soil bulk density (kilograms per
liter [kg/L])

1.44 Site-specific value acquired
during 11/09 field sampling and
analysis.

n = Soil porosity (liters pores per liters
soil [Lpore/ Lsoil])

0.457 n = 1 – (ρb/ρs); Site-specific value
ρb acquired during 11/09 field
sampling and analysis; and ρs is
the default value shown below.

ρs = Soil particle density (kg/L) 2.65 SSG default value.

H’ = Henry’s law constant
(dimensionless)

NA for inorganics Per SSG (US EPA, 1996a),
assumed zero for inorganics.

SSLs calculated by Equation 10 were multiplied by the dilution factor derived from

Equation 11. The SSL for Cr6+ was calculated using Cw values equivalent to the City of

Glendale Cr6+ Voluntary Cleanup Goal for municipal water supply, and the OEHHA

Draft PHG. SSLs for Cd and Ni were calculated using their respective MCLs as input
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values for Cw. Note that although there is a California MCL for total Cr (50 µg/L), there

is presently not a California or Federal MCL for Cr6+. The State of California uses 50

µg/L as the MCL for Cr6+.

Equation 10 Results

Total Cr Cw SSL Dilution Factor* SSL***

(mg/L) (mg/kg) (dimensionless) (mg/kg)
Site-Specific SSL (CW=US EPA total
chromium MCL)

0.1 4.3E+05 104 4.5+07

Cr
6+

Cw SSL Dilution Factor* SSL***

(mg/L) (mg/kg) (dimensionless) (mg/kg)
Site-Specific SSL (CW=City of Glendale
Voluntary Clean-up Goal)

0.005 0.07 104 7.4

Site-Specific SSL (CW=OEHHA Draft
PHG)

0.00006 0.001 104 0.1

Cd Cw SSL Dilution Factor* SSL***

(mg/L) (mg/kg) (dimensionless) (mg/kg)

Site-Specific SSL 0.005 21.5 104 2,236

Ni** Cw SSL Dilution Factor* SSL***

(mg/L) (mg/kg) (dimensionless) (mg/kg)

Site-Specific SSL 0.1 190 104 19,760

Note that values above include rounding.

* – Value for Dilution Factor was derived using Equation 11.
** – There is no US EPA MCL for nickel.
*** – SSL calculated after application of dilution factor.

Equation 11 – Derivation of Dilution Factor

As leachate moves from its point of generation to a receptor, the concentrations of

COPCs in the leachate may be attenuated through adsorption, degradation, and

dilution by non-impacted groundwater. Equation 11, the dilution factor equation,

accounts for attenuation of COPCs as leachate diluted by clean groundwater. The

SSG does not provide a method for estimating attenuation of COPCs through

adsorption and degradation in the vadose zone. Because impacted soil at the Site

extends vertically to groundwater, the attenuation factor accounting for adsorption and
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degradation in the vadose zone was assumed to be “1.” The dilution factor equation

(Equation 11) for dilution by non-impacted groundwater follows:

Dilution Factor = 1 + [K  i  d] / I  L

Definitions of the equation, input values used for calculation of the SSLs, and sources

follow:

Parameter/Definition (units) Input Parameter(s) Reference/Source

Dilution Factor (dimensionless) Calculated US EPA guidance.

K = Aquifer hydraulic conductivity (m/yr) 24,157
Personal communication, US EPA,
2009.

i = Hydraulic gradient (meter vertical per
meter horizontal [m/m])

0.0028 Average calculated gradient*.

d = Mixing zone depth (meters [m]) 0.85 Calculated by Equation 12.

I = Infiltration rate (m/yr) 0.07
Personal communication, US EPA,
2009

L = Source length parallel to groundwater
flow (m)

8
Calculated, based on length of
impacted area parallel to
groundwater flow on Site Plan.

* – This value was based on the calculated average gradient using data from CCI, 2008 and 2009,
RWQCB File No. 113.5243.

Equation 11 Results

K I d I L Dilution Factor

(m/yr) (m/m) (m) (m/yr) (m) (Unitless)

Default 24,157 0.0028 0.85 0.18 8 41

Site-Specific 24,157 0.0028 0.85 0.07 8 104

Equation 11 was used to derive a Site-specific dilution factor in groundwater, based on

Site-specific parameters, such as infiltration rate (I), groundwater gradient (i), aquifer

hydraulic conductivity (K), and source length (L).
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Equation 12 – Estimation of Mixing Zone Depth

This equation allows for calculation of the mixing zone depth (d) used in Equation 11.

The mixing zone depth equation is as follows:

d = (0.0112  L2 )0.5 + da  {1- exp[(-L  I)/(K  i  da)]}

Definitions of the equation parameters input values used for calculation of the SSLs,

and sources follow:

Parameter/Definition (units) Input Parameter(s) Reference/Source

d = Mixing zone depth (m) Calculated US EPA guidance.

L = Source length parallel to groundwater
flow (m)

8 Calculated, based on impacted
area on Site Plan.

I = Infiltration rate (m/yr) 0.07 Personal communication, US EPA,
2009

K = Aquifer hydraulic conductivity (m/yr) 24,157 Personal communication, US EPA,
2009

i = Hydraulic gradient (m/m) 0.0028 Average calculated gradient*.

da = Aquifer thickness (m) 49 Personal communication, US EPA,
2009

* – This value was based on the calculated average gradient using data from CCI 2008 and 2009 RWQCB
File No. 113.5243.

Equation 12 Results

L da I K i d

(m) (m) (m/yr) (m/yr) (m/m) (m)

Site-Specific Value 8 49 0.07 24,157 0.0028 0.85

4.2.4 SSLs for Metals in Soil

The COPCs in soil and respective calculated SSLs are as follows:

 Cr – 45,000,000 mg/kg;

 Cr6+ – 7.4 mg/kg;

 Cd – 2,236 mg/kg; and

 Ni – 19,760 mg/kg.
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The total Cr SSL was calculated using Equation 10, and is a theoretical value. This

value incorporates Site-specific parameters as input values, with the key input value

being the target groundwater concentration. The theoretical values represented by the

Site-specific SSL for total Cr is not likely to occur in nature and would occur only where

there were more metal constituents than soil particles. The Site assessment data

suggests the residual concentrations of total Cr in soil at the Site do not exceed the

industrial RSL for Cr3+, and are several orders of magnitude below the Site-specific SSL

for protection of groundwater.

The SSL value calculated using Equation 10 and the Cr6+ draft PHG, was not selected

as a final SSL. The preface of the draft Cr6+ PHG technical support document

(OEHHA, 2009) specifies that PHGs are not regulatory standards, and instead

represent non-mandatory goals. The preface states specifically that “PHGs are not

developed as target levels for cleanup of groundwater or ambient surface water

contamination, and may not be applicable for such purposes, given the regulatory

mandates of other environmental programs.” The City of Glendale Cr6+ Voluntary

Cleanup Goal in connection with its municipal water supply is a stringent criterion, which

is applied to groundwater after it has passed through the City water plant’s blending

system. By using this criterion as an input into the equations used to derive a soil

cleanup level, implementation of this RAP is intended to limit Cr6+ impact to the

groundwater from the vadose zone soils on this Site to a level acceptable to the City of

Glendale Department of Water and Power as a source of supply for its municipal water

system. Furthermore, the City may treat or blend the groundwater before delivery

(thereby further reducing concentrations of residual Cr6+). Application of the yet more-

stringent draft PHG threshold as a Site-specific Cr6+ cleanup goal was judged to be

inappropriate for three independent reasons, namely: (1) the PHG has not been

adopted by any regulatory authority, but rather is simply a proposal by one agency that

may be subject to revision; (2) even in the terms proposed by the agency, the threshold

is identified as “not a target level for groundwater contamination”; and (3) the goal for

the RAP is to prevent future migration of the COCs present in Site vadose zone soil to

underlying groundwater.
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Based on SSLs calculated using the SSG document, remediation to be accomplished

according to the RAP will reduce and immobilize Cr6+ concentrations to levels that are

not of ongoing concern. The engineered cap contemplated as part of the proposed

remediation will further mitigate the concern of future migration of COCs to

groundwater. The Site-specific cleanup goals discussed herein are not intended for

application to Site groundwater that must be treated for Cr6+ because of existing,

upgradient regional contamination in any event, but rather the cleanup of vadose zone

soil by chemical reduction and stabilization, emplacement of a cement buffer zone

above the groundwater table, and coverage with an engineered cap (which together

offer additional protection beyond removal of the well-described, limited contaminant

mass).

4.2.5 SSLs for VOCs in Soil Vapor

The J&E Model is a widely-accepted method for estimating risks associated with indoor

vapor intrusion. The J&E Model is a one-dimensional analytical solution to advective

and diffusive vapor transport from subsurface sources into indoor spaces. Advection

refers to the movement of vapors with the flow of air through a soil column due to

atmospheric effects, including wind and barometric pressure. Diffusion refers to the

transport of chemical vapors due to concentration gradients.

The J&E Model generates an estimated attenuation coefficient that relates vapor

concentration at the source of contamination to the vapor concentration in indoor air.

The J&E Model is the basis for risk-based vapor intrusion models adopted by many

regulatory agencies, including DTSC and US EPA. Kleinfelder has developed

Site-specific screening levels in a manner consistent with DTSC vapor intrusion

guidance (Cal/EPA, 2004).
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The J&E Model has been coded into a set of spreadsheets that produce estimates of

cancer risk or non-cancer hazard quotient for the inhalation exposure route based on

measured or estimated source concentrations in soil vapor, soil, or groundwater. The

spreadsheets may also be used to calculate source concentrations based on specified

levels of cancer risk or non-cancer hazard quotient. Source concentrations estimated in

this way may be used as cleanup levels for the planning and implementation of

remedial actions at properties where the migration of volatile COCs from subsurface

sources to indoor air may be of health concern. Development of Site-specific soil vapor

SSLs was performed in general accordance with the following guidance documents:

 Interim Final Guidance for the Evaluation and Mitigation of Subsurface Vapor

Intrusion to Indoor Air, Cal/EPA (2004); and

 OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway

from Groundwater and Soils (Subsurface Vapor Intrusion Guidance), US EPA

(2002a).

Toxicity criteria provided in the DTSC version of the J&E spreadsheet model (available

on-line at http://www.dtsc.ca.gov/AssessingRisk/JE_Models.cfm) have been

incorporated into the spreadsheet model developed by Kleinfelder. Specifically, the

inhalation unit risks and the inhalation reference concentrations provided on the

“VLOOKUP” tab in the spreadsheet model have been updated with toxicity criteria from

the OEHHA toxicity criteria database or the US EPA’s Integrated Risk Information

System (IRIS) as provided in the DTSC version of the model.

On-Site Warehouse Scenario

Health-based, Site-specific soil vapor SSLs were calculated for a hypothetical future

warehouse for the volatile COPCs (PCE and TCE) detected in soil and soil vapor

samples collected from the Site. Site-specific SSLs were calculated using the J&E

Model, to allow comparison of previous assessment data to the SSLs for selection of

Site-specific volatile COCs. The Site-specific SSLs represent soil vapor concentrations

that yield a cumulative cancer risk of 1 x 10-6 (i.e., one in a million) for those volatile

COPCs classified as carcinogens. Because two of the volatile COPCs are classified as
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carcinogens (PCE and TCE), the SSL for each was divided by two, which yields soil

vapor concentrations based on a cancer risk of 0.5 x 10-6 (i.e., one-half in a million).

Thus, the cumulative cancer risk does not exceed 1 x 10-6. SSLs based on the non-

cancerous health effects of the volatile COPCs were based on soil vapor

concentrations that yield a non-cancer hazard index of 1.0. Thus, the SSL based on

non-cancerous health effects for each volatile COPC was divided by three so that the

non-cancer hazard index did not exceed 1.0.

Input values for the model were based on known or estimated Site-specific physical

characteristics of the soil, including:

 soil type(s);

 total porosity;

 unsaturated zone moisture content;

 soil temperature; and

 capillary zone moisture content.

Other Site-specific input parameters for the model included assumed building

parameters, including:

 mixing height;

 building floor area and ceiling height;

 slab thickness;

 foundation area;

 crack ratio;

 soil-building pressure differential; and

 indoor air exchange rate.
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Various scenarios and assumptions for building parameters, based on preliminary

architectural plans for a proposed warehouse, were used to perform modeling. Where

Site-specific information was not available, literature was reviewed for appropriate

estimates, or in some cases, best professional judgment or default values from

pertinent guidance documents were applied.

The volume of soil requiring remediation for volatile COPCs was estimated by

comparing the Site-specific SSLs calculated using the J&E Model to the Site

assessment data.

Site-specific inputs to the model included estimated soil temperature, the type of soil

separating the soil vapor from the bottom of the building slab, the depths at which soil

vapors may be encountered, and the dimensions of four hypothetical buildings

consistent with various Site redevelopment proposals. Potential soil vapor sources

were evaluated at three depths: 5, 15, and 40 feet bgs. The shallow depth (5 feet bgs)

was selected to assess vapor sources close to the proposed building foundations, and

the maximum depth (40 feet) was selected to address vapor sources just above the

groundwater table. Based on June 5, 2009 data from on-Site monitoring wells,

groundwater was encountered at a depth of approximately 45 feet bgs. These data are

consistent with data from the most recent groundwater monitoring event conducted in

July 2010. The intermediate depth (15 feet bgs) was selected to provide additional

information for remedial design. The four building scenarios were: Small Office, Large

Office, Warehouse with 45-foot-high Ceiling, and Warehouse with 80-foot-high Ceiling.

Therefore, screening levels were calculated for a total of 12 different scenarios.
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Inputs to the model that are common to all scenarios are provided below:

Parameters Common to All Scenarios

Parameter Value Units Comment

Groundwater temperature 19.4 °C
From Environmental Quality Management,
Inc. (EQM), 2004.

Stratum A - Soil type
immediately beneath building

S NA
Sand, predominant soil type, from soil
geophysical sample KLF-2 (22-23).

Depth below grade to bottom
of enclosed space floor

15 cm Default value for slab-on-grade construction.

Enclosed space slab
thickness

18 cm
7-inch slab minimum in preliminary designs
of warehouse.

Indoor air exchange rate 1 per hour Commercial building default, Cal/EPA 2004.

Target risk for carcinogens 1x10
-6

NA
Considered the de minimis standard by US
EPA.

Target hazard index for
non-carcinogens

1 NA
Considered the de minimis standard by US
EPA.

Averaging time for
carcinogens

70 years
US EPA default value for commercial &
industrial workers.

Averaging time for
non-carcinogens

25 years
US EPA default value for commercial &
industrial workers.

Exposure duration 25 years
US EPA default value for commercial &
industrial workers.

Exposure frequency 250 days/year
US EPA default value for commercial &
industrial workers

NA – Not applicable.
°C – Degrees Celsius.
cm – Centimeters.
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Inputs to the model that are specific to the various scenarios are provided below:

Parameters Specific to Each Building Scenario

Soil Gas
Depth

Building
Scenario

Stratum A
thickness

(cm)

Depth to
soil gas

(cm)

Enclosed
space
length
(cm)

Enclosed
space
width
(cm)

Enclosed
space
height
(cm)

5 ft bgs Small Office 152 152 610 305 244

5 ft bgs Large Office 152 152 762 610 305

5 ft bgs
Warehouse
45-foot peak

152 152 7,315 7,315 1,372

5 ft bgs
Warehouse
80-foot peak

152 152 7,315 7,315 2,438

15 ft bgs Small Office 457 457 610 305 244

15 ft bgs Large Office 457 457 762 610 305

15 ft bgs
Warehouse
45-foot peak

457 457 7,315 7,315 1,372

15 ft bgs
Warehouse
80-foot peak

457 457 7,315 7,315 2,438

40 ft bgs Small Office 1,219 1,219 610 305 244

40 ft bgs Large Office 1,219 1,219 762 610 305

40 ft bgs
Warehouse
45-foot peak

1,219 1,219 7,315 7,315 1,372

40 ft bgs
Warehouse
80-foot peak

1,219 1,219 7,315 7,315 2,438

cm – Centimeters.
Small Office – 20-foot floor length x 10-foot floor width x 8-foot ceiling height.
Large Office – 25-foot floor length x 20-foot floor width x 10-foot ceiling height.
Warehouse 45-foot peak – 240-foot floor length x 240-foot floor width x 45-foot ceiling height.
Warehouse 80-foot peak – 240-foot floor length x 240-foot floor width x 80-foot ceiling height.
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The J&E Model version used in this evaluation was SG-ADV (Version 3.1, dated

February 2004). Toxicity values for the model are those provided by DTSC in its

screening level J&E SG Model (Cal/EPA, 2009). The soil temperature was estimated

from guidance provided in US EPA’s User’s Guide for Evaluating Subsurface Vapor

Intrusion into Buildings (Environmental Quality Management, Inc. [EQM], 2004). The

model spreadsheets were modified to accommodate more than one chemical. The

modification did not affect spreadsheet function.

As coded into an Excel spreadsheet, the version of the J&E Model used does not

generate soil vapor concentrations based on a given level of cancer risk or non-cancer

hazard quotient. Instead, the model generates estimates of cancer risk and non-cancer

hazard quotient from estimated or measured soil vapor concentrations of chemicals.

Therefore, Site-specific screening values were generated by entering a nominal value

for each COPC (1 µg/m3), then the resulting risk values were converted into

concentrations that yield a cancer risk of 1 x 10-6 or a non-cancer hazard quotient of 1.

The equations used to calculate soil vapor screening levels using the J&E Model are

presented below.

Screening Level (µg/m3):

For cancer risk:

1 x 10-6 / cancer risk from constituent concentration of 1 µg/m3

For non-cancer hazard quotient:

1 / non-cancer hazard quotient from constituent concentration of 1 µg/m3

The lesser of the soil vapor screening levels based on cancer risk or non-cancer hazard

quotient screening levels was identified as the final screening level for each constituent

in each scenario. Prior to identification of the lesser of the cancer risk or non-cancer

hazard screening levels, the potential contribution of each constituent to add to the

cumulative cancer risk or non-cancer hazard was addressed. TCE and PCE are

classified as carcinogens. Therefore, their screening levels were divided by a value of

two to account for potential additive cancer risks. Each of the three Site volatile COPCs

may produce non-cancerous health effects. However, the soil vapor screening level of
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two of those constituents, TCE and PCE, based on cancer risks, were two orders of

magnitude lower than their screening levels for non-cancer hazard quotients.

Remediation of the Site to limit the cumulative cancer risk of TCE and PCE to 1 x 10-6

will also reduce their contribution to the cumulative non-cancer hazard quotient to

approximately 0.01. Therefore, there was no need to address the potential additivity for

non-cancer hazard quotient.

The various SSLs calculated for each redevelopment scenario are presented below.

Selection of a specific SSL for each COPC cannot be made at this time because Site

redevelopment plans have not been finalized, and therefore actual dimensions of the

building that will be constructed at the Site (if one is constructed) are not known.

Summary of VOC Site-Specific Screening Levels

Site Specific Screening Levels in Soil Vapor (µg/m
3
)

Soil Gas
Depth

Building Scenario
TCE

(µg/m
3
)

PCE
(µg/m

3
)

TCE
(µg/L)

PCE
(µg/L)

5 ft bgs Small Office 1,000 370 1.0 0.37

5 ft bgs Large Office 1,500 550 1.5 0.55

5 ft bgs Warehouse 45-ft ceiling 33,000 11,000 33 11

5 ft bgs Warehouse 80-ft ceiling 58,000 20,000 58 20

15 ft bgs Small Office 2,700 990 2.7 0.99

15 ft bgs Large Office 3,600 1,300 3.6 1.3

15 ft bgs Warehouse 45 ft ceiling 42,000 15,000 42 15

15 ft bgs Warehouse 80 ft ceiling 75,000 26,000 75 26

40 ft bgs Small Office 6,800 2,500 6.8 2.5

40 ft bgs Large Office 8,800 3,200 8.8 3.2

40 ft bgs Warehouse 45 ft ceiling 65,000 23,000 65 23

40 ft bgs Warehouse 80 ft ceiling 120,000 42,000 120 42

Commercial/Industrial CHHSLs 1,770 603 1.77 0.603

µg/m
3

– Micrograms per cubic meter.
µg/L – Micrograms per liter.
TCE – Trichloroethene.
PCE – Tetrachloroethene.



101942/IRV10R214 Page 53 of 133 September 30, 2010
Copyright Kleinfelder 2010

Based on the data provided in the preceding summary table, the Small Office or Large

Office scenario may represent risks to future on-Site workers, as there is a potential to

exceed an excess cancer risk of 1 x 10-6 in either scenario. The other scenarios

evaluated do not present such risks. See Appendix J for additional J&E calculation

details.

Off-Site Resident Scenario

VOCs from off-Site sources in regional groundwater are a source of impact to the

vadose zone beneath the Site and off-Site properties. As indicated in Section 4.2.6,

regardless of on-Site SVE activities performed, off-gassing of TCE and PCE from

impacted groundwater will continue to impact on- and off-Site properties until after

regional sources are remediated. Modeling of health risks associated with vapor

intrusion into off-Site residences due to off-gassing from groundwater is beyond the

scope of this RAP.

Health risk modeling performed as part of this RAP using the J&E model estimated

risks associated with vapor intrusion into off-Site residences based on assumed soil

vapor concentrations. Because Site-specific soil vapor data beneath off-Site

residences are not available, it was conservatively assumed that once SVE activities at

the Site are completed, and commercial/industrial CHHSLs have been achieved in the

vadose zone within the Site property line, concentrations beneath residences will also

be equal to commercial/industrial CHHSLs. These soil vapor concentrations were used

as input values for the residential scenario because the J&E model is only capable of

modeling one-dimensional migration of VOCs from soil vapor to indoor air, and model

limitations do not allow the estimation of lateral and then vertical migration of VOCs.

The potential impact to off-Site residents was evaluated assuming that post-remediation

shallow soil vapor concentrations are equal to or less than commercial/industrial

CHHSLs. The following VOCs were detected at Site soil vapor sampling locations

within 100 feet of off-Site residential properties: 1,1-DCE, 1,1,1-TCA, chloroform, PCE,

and TCE (Plate 2). Due to lack of off-Site data and as a conservative measure, the

VOCs 1,1-DCE, 1,1,1-TCA, and chloroform were included in this modeling scenario.

Although soil vapor samples were collected at three depths (5, 15, and 20 feet bgs), the
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current conditions scenario was based upon the maximum soil vapor concentration of

each sample point regardless of depth.

For the post-remediation scenario, model input concentrations were the

commercial/industrial soil vapor CHHSLs or the maximum soil vapor concentration,

whichever was lowest. CHHSLs were used in the model input based on scoping

discussions with LARWQCB. The maximum soil vapor concentrations of TCE (38,000

µg/m3) and PCE (12,000 µg/m3) exceeded commercial/industrial soil vapor CHHSLs

(TCE = 1,770 µg/m3 and PCE = 603 µg/m3). Therefore the post-remediation scenario

concentrations of TCE and PCE were assumed to be equal to the soil vapor CHHSLs.

The maximum soil vapor concentration 1,1,1-TCA was less than the CHHSL for that

compound; therefore, the maximum concentration was used as the model input

concentration under the current and post-remediation scenarios. A CHHSL is not

available for 1,1-DCE or chloroform, so the maximum concentration was also used for

the post-remediation scenario.

Based upon the results of J&E modeling of post-remediation conditions, as presented in

Appendix J, the non-cancer Health Index (HI) is 0.03, and is less than the level that

triggers risk management decisions under Cal/EPA policy (HI>1). The results of J&E

modeling of post-remediation conditions also indicate an Incremental Lifetime Cancer

Risk (ILCR) of 4 x 10-6 (four in a million). This ILCR is greater than the level that

triggers risk management decisions under Cal/EPA policy (1 x 10-6; i.e., one in a

million), but does not exceed the level (1 x 10-4; i.e., one in ten thousand) at which the

US EPA considers remedial or mitigation actions to be warranted. Additionally, the

ILCR is lower than the OEHHA Proposition 65 “No Significant Risk Level” of 1 x 10-5

(one in one hundred thousand). See Appendix J for additional details on the J&E

modeling calculation.

4.2.6 Vapor-Water Partitioning for VOCs in Soil Vapor

This subsection describes the methodology used, and calculation results for

vapor-water partitioning to estimate whether concentrations of volatile COPCs in soil

vapor may be contributing to concentrations of volatile COPCs in groundwater near the

vadose zone/groundwater aquifer interface. This is estimated based on Henry’s Law,
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which expresses the equilibrium partitioning of VOCs between water and air. Using this

equation, equilibrium concentration of COPCs in soil vapor and groundwater at the

vadose zone/groundwater interface can be estimated.

October 28 and 29, 2008 soil vapor data from the SSA (Kleinfelder, 2008b) for vapor

probes installed near the central portion of the VOC plume (specifically, Probes K-26,

K-32, K-33, K-35, K-36, and K-37) were reviewed, and maximum soil vapor

concentrations at 30 feet bgs (the maximum depth of soil vapor sampling) were used as

input values into the equations below. The lateral and vertical extent of the VOC plume

approximates the depiction for TCE on Plates 3A, 5B, and 5C. The concentrations of

TCE in soil vapor samples from the specified, approximately 30-foot bgs probes ranged

from 132 µg/L to 539 µg/L. The detected concentrations of PCE ranged from14 µg/L to

34 µg/L. Concentrations of TCE and PCE remained generally consistent from 5 feet to

30 feet bgs, and it was assumed that concentrations of these constituents in soil vapor

at 30 feet bgs are representative of soil vapor concentrations at the vadose

zone-groundwater interface (see Plates 3A, 5B, and 5C). The maximum detected

concentration of each of these COPCs in the samples from the vapor probes indicated

above was used as an input value for the Henry’s Law equation to estimate the

contribution from soil vapor to groundwater for these constituents.

The Henry’s Law equation is represented by the mathematical relationship below:

H’ = CVOC-V/CVOC-A

or CVOC-V = H’ x CVOC-A

or CVOC-A = CVOC-V/ H’

where H’ = Henry’s Law Constant for VOC (dimensionless);

CVOC-V = Concentration of VOC in soil vapor (in µg/L); and

CVOC-A = Concentration of VOC in groundwater (in µg/L).
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Calculations summarized below were performed to evaluate the concentrations of PCE

and TCE that may off-gas from groundwater into soil vapor in the vadose zone, based

on vapor-liquid equilibrium according to Henry’s Law. The maximum soil vapor

concentrations of PCE and TCE were calculated based on September 25, 2008

groundwater monitoring data (CCI, 2008), and Kleinfelder’s SSA soil vapor data

collected in October 2008 (Kleinfelder, 2008b).

VOC
H’

(Dimensionless)

Maximum
Observed

CVOC-A*
(µg/L)

Calculated
**

(µg/L)

Maximum
Observed
CVOC-V***

(µg/L)
Result of

Comparison

PCE 0.754 69 52 34
Calculated CVOC-V greater
than observed CVOC-V

indicates soil vapor
concentrations of PCE are
not likely contributing to
groundwater concentrations

TCE 0.421 180 76 539
Calculated CVOC-V less than
observed CVOC-V indicates
soil vapor concentrations of
TCE are potentially
contributing to groundwater
concentrations

* – Maximum concentrations of VOCs observed in September 25, 2008 groundwater monitoring data
for wells MW1 through MW3 (CCI, 2008), used for input into Henry’s Law equation.

** – Maximum calculated concentration of VOCs in soil vapor, assuming equilibrium with observed
VOC concentrations in groundwater that were used for input into Henry’s Law equation.

*** – Maximum observed October 2008 VOC soil vapor concentration in approximate 30-foot bgs
samples from Probes K-26, K-32, K-33, K-35, K-36, and K-37.

Based on the preceding data, maximum concentrations of PCE in soil vapor are not

likely contributing to the current concentrations of PCE detected in groundwater. It is

possible that current concentrations of TCE in soil vapor may be contributing to

groundwater concentrations of TCE.

Soil vapor extraction (SVE) will be implemented to remove as much mass from the

subsurface as is practical, employing the applicable technology here described, to

reduce potential impact to groundwater by PCE and TCE in soil and soil vapor. The

table below shows the approximate soil vapor concentrations that must be achieved in

soil vapor (C-VOCv) by SVE to reduce the likelihood that vapor-water partitioning of

PCE and TCE would result in groundwater concentrations exceeding respective MCLs,
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with the assumption the groundwater beneath the Site is not impacted by PCE and

TCE. As explained in Section 4.4, CHHSLs are the target cleanup goals for PCE and

TCE in soil vapor. The C-VOCv values for PCE and TCE, based on Henry’s Law, are

greater than respective CHHSLs; therefore by achieving CHHSLs for these COCs,

groundwater would be protected.

COC

H’

(Dimensionless)

MCL

(µg/L)

C-VOCv

(µg/L)

CHHSL

(µg/L)

PCE 0.754 5 3.77 0.603

TCE 0.421 5 2.11 1.77

Where C-VOCv = H’ x MCL, per Henry’s Law.

4.3 COC SELECTION

Based on results of comparisons of SSA data to RSLs and CHHSLs; calculation of Site-

specific SSLs; and vapor-water partitioning calculations, the inorganic COC addressed

by this RAP is Cr6+, and the organic COCs addressed by this RAP are PCE and TCE.

Other compounds, including total Cr, Cd, Ni, 1,1,1-TCA, 1,1-DCA, and 1,1-DCE, are not

considered Site COCs, for reasons discussed below.

Ni and Cd do not appear to be present in soils at concentrations of concern. Recent

groundwater monitoring (performed between February 2006 and July 2010, and

reported in the July 28, 2010, Groundwater Monitoring Report, First Semi-Annual 2010,

prepared by CCI), found that Ni concentrations ranged from not detected to a maximum

concentration of 5.9 µg/L, a concentration that is below the Cal/EPA MCL for Ni (100

µg/L). In the February 2006 groundwater samples, Cd was detected in one sample

(from MW2) at a concentration of 5.2 µg/L, slightly exceeding its Cal/EPA MCL of 5.0

µg/L. Cd was not detected in May or September 2008, or June 2009 groundwater

samples. In the December 2009 and July 2010 samples, Cd was again detected in one

sample (from MW2), at a concentration of 3.5 µg/L and 3.2 µg/L, respectively, which is

below the Cal/EPA MCL (5 µg/L). Therefore contributions of Cd and Ni from the Site

are not anticipated to be concerns in groundwater extracted from GS-3 at this time.
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1,1,1-TCA is not a COC at the Site for the following reasons: (1) The maximum

concentration of 1,1,1-TCA detected during previous soil vapor Site assessment

activities was several orders of magnitude below the industrial CHHSL; (2) 1,1,1-TCA

was not detected in the 30-foot bgs vadose-zone soil vapor samples collected from

probes K-26, K-32, K-33, K-35, K-36, and K-37 during October 2008 assessment

activities; and (3) concentrations of 1,1,1-TCA were below detection limits in the

groundwater samples collected from monitoring wells (MW1 through MW6) as reported

by CCI (2010b).

4.4 COC CLEANUP GOALS

The Cr6+ Site-specific SSL of 7.4 mg/kg included in the Draft RAP was calculated using

US EPA’s SSG (US EPA, 1996a). Although this value was based on conservative

model inputs and thought to be protective of groundwater, based on agency input, the

US EPA 5.6 mg/kg industrial RSL for Cr6+ in soil was adopted as the Site-specific

cleanup goal for this constituent.

Site-specific cleanup goals for PCE and TCE concentrations in soil vapor in the shallow

vadose zone are commercial/industrial CHHSLs (1.77 µg/L and 0.603 µg/L,

respectively), indicated by LARWQCB. It may not be possible to achieve the cleanup

goals for PCE and TCE due to practical limits of the SVE technology and continued off

gassing of TCE and PCE from impacted groundwater beneath the Site. Therefore,

consideration will be given to an active or passive vapor mitigation system, if necessary

and appropriate to protect future on-Site workers should a building be constructed on

the Site. The SVE system will be operated to the practical limits of the technology, as

here described in this section. Prior to shutting down the SVE system, the rebound test

described below will be performed with LARWQCB approval. The rebound test will be

proposed in a SVE System Quarterly Progress Report once asymptotic conditions have

been achieved. The practical limits of the SVE technology, and the achievement of

asymptotic conditions, will be demonstrated as follows:

1. During SVE system operation, the extracted soil vapors, and individual SVE well

screened intervals, will be sampled (using Summa® canisters or glass bulbs)

and analyzed for total PCE and TCE on day 1 and monthly thereafter.
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2. Weekly monitoring of the VOCs concentrations in vapors using a PID, at the

influent to the SVE system and at individual SVE wells will be performed.

3. When four successive weekly vapor samples indicate that VOC concentrations

have reached asymptotic conditions (i.e., the concentration difference between

successive sampling events is negligible, and the total PCE and TCE

concentrations are approaching de minimis values), the SVE system will be

switched to pulse operation.

4. During pulse operation the SVE system will be shut down for 2 weeks.

5. Following the system shutdown, Kleinfelder proposes to re-start the system and

collect influent samples at the following frequencies: 1 day, 7 days, and every 2

weeks until two consecutive concentrations are at non-detect or asymptotic

levels for PCE and TCE.

6. When the weekly monitoring indicates that VOC vapor concentrations measured

with a PID have again reached asymptotic levels, the system will be shut down

for another 2-week interval and the pulse operation cycle repeated.

7. The VOC vapor concentrations measured with a PID on day 1 of the SVE

system startup and day 1 of each of the pulse operation cycle will be plotted.

8. This pulse operation will continue until the day-1 VOC vapor concentrations

measured with a PID and PCE and TCE concentrations measured in a

laboratory have reached asymptotic conditions. This will be considered to be the

practical limits of the SVE technology.

Achieving commercial/industrial CHHSLs in the vadose zone may not be practical due

to off-gassing of PCE and TCE in the regional groundwater plume, which is anticipated

to be a continuing source of these COCs in soil vapor beneath the Site. As previously

noted in the regional hydrogeology discussion in Section 3.2, PCE-, TCE-, and Cr6+-

contaminated groundwater extends contiguously in an upgradient direction from the

Site to and beyond California Route 134, the Ventura Freeway, which is located over 1

mile north of the Site (US EPA, 2008a). This contaminated groundwater upgradient of

the Site will continue to migrate beneath the Site for many years. September 25, 2008

results of the groundwater sample from Excello monitoring well MW4, located at the

northeast corner of the vacated street to the east of the Site, indicate PCE and TCE

concentrations of 51 µg/L and 150 µg/L, respectively (CCI, 2008). Because this well is

roughly upgradient of the Excello portion of the Site, its groundwater sample results are
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interpreted as illustrative of the migration of the referenced upgradient groundwater

contamination beneath the Site. The estimated concentrations of PCE and TCE being

volatilized from regional groundwater into the vadose zone in the vicinity of well MW4,

based on Henry’s Law, are 38 µg/L and 59 µg/L, respectively, whereas the CHHSLs for

PCE and TCE are 1.77 µg/L and 0.603 µg/L. Therefore, it is evident that VOCs in

regional groundwater will continue to be a source of impact to the vadose zone beneath

the Site until after the off-Site sources are remediated. This ongoing migration will

prevent achievement of commercial/industrial CHHSLs in the deeper vadose zone by

SVE.

The PCE and TCE concentrations off-gassed by regional groundwater, as estimated by

Henry’s Law, were compared to the 40-foot depth J&E Model results for potential future

building scenarios. This comparison suggests that PCE and TCE concentrations off-

gassed by regional groundwater could exceed Site-specific soil vapor SSLs (at 40 feet

bgs) calculated for the four building scenarios; therefore, these off-gassed COCs could

be an on-going source of impact to indoor air quality for a future building. The Henry’s

Law calculation was performed to demonstrate the potential for a continuing source of

PCE and TCE in the vadose zone from the PCE- and TCE-impacted groundwater

beneath the Site, and in Kleinfelder’s opinion, is a reasonable first approximation of the

PCE and TCE concentrations just above the groundwater/vadose zone interface. In the

experience of Kleinfelder remediation engineers, volatilization of PCE and TCE from

groundwater into the vadose above the aquifer can be an ongoing problem, especially

within the 5 to 10 feet of vadose zone above an aquifer. Also, the natural fluctuation

(rise and fall) of the water table can contribute to off-gassing of PCE and TCE from

groundwater into the vadose zone. As the water table falls, impacted groundwater is

left in the capillary fringe, from which PCE and TCE tend to off-gas into the vadose

zone.
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Once VOC concentrations in extracted vapors from the deeper vadose zone are

reduced to asymptotic levels, SVE will be halted in this zone. It is appropriate that any

decision regarding land re-use including a warehouse considers an appropriate

combination of the options for further soil vapor sampling, to evaluate residual risks of

exceeding applicable commercial/industrial CHHSLs, and/or design and implement an

active or passive vapor mitigation system.

A soil vapor survey will be conducted in the shallow vadose zone following shutdown of

the SVE system. Results of the soil vapor survey will be used to conduct a human

health risk assessment (HHRA) for the intended Site re-use. The need for

implementation of an active or passive vapor mitigation system, if necessary, will be

considered based on results of the HHRA.
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5. CONCEPTUAL SITE MODEL UPDATE

Site data was compiled and a “Conceptual Site Model” (CSM) was prepared based on

the data. TCE and Cr6+ were selected as COCs for this CSM. Isoconcentration

contours with respect to depth for TCE in soil vapor and Cr6+ in soil are shown on

Plates 3A and 3B, respectively.

This CSM incorporates known sources of contamination beneath the Site (metals in soil

and VOCs in soil vapor), affected media (soil, soil vapor, and groundwater), potential

migration routes for COCs, complete and incomplete exposure pathways, and potential

receptors. A three-dimensional block diagram-type CSM was prepared that provides a

graphical view of complete and potentially complete pathways, and potential receptors,

as shown on Plate 3C. Plates 4A through 4D provide further detail regarding the

concentrations of Cr6+ in Site soil at respective depths of 5 feet, 15 feet, 25 feet, and 35

feet bgs. Plate 5A shows the locations of three cross sections (A-A’, B-B’, and C-C’).

Plates 5B and 5C indicate soil vapor TCE concentrations, and Plates 5D and 5E

indicate Cr6+ concentrations on the cross sections.

The assumed primary sources of the contaminants were pooling liquids, tanks, drums,

etc., which were used to store chemicals and wastes used in the plating operations that

historically took place on the Site. These chemicals were presumably released due to

inadequate handling and disposal practices, and penetrated cracks in the flooring,

foundations, and/or containment structures of the former plating facilities. Sources may

have also included shallow subsurface releases via floor drain systems and through

underground piping.

Only one complete exposure pathway for the planned land use (a parking lot and

driveway) was identified at the time the SSA was prepared. This pathway was based

on the assumption that metals could leach from soil to groundwater with subsequent

consumption of the affected groundwater by receptors. In addition, the dissolution of

VOCs from soil vapor into groundwater is considered a complete exposure pathway,

when groundwater is extracted and ingested by receptors using the municipal water

supply system. Subsequent to the preparation of the SSA, the planned land use has

been expanded to potentially include a future warehouse. With the addition of this land
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use, exposure pathways were re-evaluated and complete exposure pathways and

associated receptors now include the following:

 soil ingestion, dermal contact with soil, and dust inhalation – on-Site workers

employed on the Site after redevelopment (e.g., landscape maintenance workers

and subsurface utility workers);

 groundwater ingestion – municipal water customers; and

 inhalation of vapors – on-Site workers working in enclosed structures on the Site.

Potentially-complete exposure pathways include:

 soil ingestion, dermal contact with soil, and dust inhalation – construction

workers during implementation of the RAP and Site redevelopment;

 inhalation of vapors – construction workers and nearby residents during and

after implementation of the RAP; and

 dust inhalation – nearby residents during implementation of the RAP and Site

redevelopment.
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6. EXTENT OF REMEDIATION BASED ON CLEANUP GOALS

The Cr6+ Site-specific SSL of 7.4 mg/kg included in the Draft RAP was calculated using

US EPA’s SSG (US EPA, 1996a). Although this value was based on conservative

model inputs, and thought to be protective of groundwater, based on agency input, the

5.6 mg/kg industrial RSL for Cr6+ in soil was adopted as the Site-specific cleanup goal

for this constituent. Proposed Site cleanup goals for PCE and TCE concentrations in

soil vapor in the shallow vadose zone are commercial/industrial CHHSLs (1.77 µg/L and

0.603 µg/L, respectively), as requested by LARWQCB. It has been assumed that the

entire vadose zone beneath the Site contains concentrations of PCE and TCE

exceeding commercial/industrial CHHSLs. Although commercial/industrial CHHSLs for

PCE and TCE concentrations in soil vapor are the cleanup goals, the SVE technology

which will be used to remediate these COCs may have limitations. The SVE system will

be operated to the practical limits of the technology, a soil vapor survey will be

conducted, and an HHRA to assess residual risk in soil vapor will be performed. The

practical limits of the SVE technology will be demonstrated as follows:

1. During SVE system operation, the extracted soil vapors, and individual SVE well

screened intervals, will be sampled (using Summa® canisters or glass bulbs)

and analyzed for total PCE and TCE on day 1 and monthly thereafter.

2. Weekly monitoring of the VOCs concentrations in vapors using a PID, at the

influent to the SVE system and at individual SVE wells will be performed.

3. When four successive weekly vapor samples indicate that VOC concentrations

have reached asymptotic conditions (i.e., the concentration difference between

successive sampling events is negligible, and the total PCE and TCE

concentrations are approaching de minimis values), the SVE system will be

switched to pulse operation.

4. During pulse operation the SVE system will be shut down for 2 weeks.

5. Following the system shutdown, Kleinfelder proposes to re-start the system and

collect influent samples at the following frequencies: 1 day, 7 days, and every 2

weeks until two consecutive concentrations are at non-detect or asymptotic

levels for PCE and TCE.
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6. When the weekly monitoring indicates that VOC vapor concentrations measured

with a PID have again reached asymptotic levels, the system will be shut down

for another 2-week interval and the pulse operation cycle repeated.

7. The VOC vapor concentrations measured with a PID on day 1 of the SVE

system startup and day 1 of each of the pulse operation cycle will be plotted.

8. This pulse operation will continue until the day-1 VOC vapor concentrations

measured with a PID and PCE and TCE concentrations measured in a

laboratory have reached asymptotic conditions. This will be considered to be the

practical limits of the SVE technology

The lateral and vertical extent of Cr6+-impacted soil requiring remediation, based on this

5.6 mg/kg Cr6+ cleanup goal, is shown on Plates 3B, and 4A through 4D. The

estimated volume of soil requiring remediation is approximately 5,800 cubic yards, as

depicted on Plate 7B.

The primary source area for Cr6+ is within the Excello building footprint, whereas the

primary source area for PCE and TCE is north of the building. Therefore, LDA/ISCR

treatment of Cr6+ impacted soil is not expected to negatively impact SVE activities.
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7. REMEDIAL ALTERNATIVE SCREENING

7.1 REMEDIAL ALTERNATIVE SCREENING METHODOLOGY

This section presents a streamlined screening of remedial alternatives that have the

potential to achieve the Site-specific cleanup goals for Cr6+ in soil, and PCE and TCE in

soil vapor. The various alternatives are screened with respect to their overall

effectiveness, implementability, and cost effectiveness. These criteria are discussed

below.

The effectiveness of a remedial alternative is evaluated based on the alternative’s

expected ability to obtain cleanup goals. The effectiveness of an alternative may be

further described with regard to how well it protects public health, the local community,

workers (both during and after its implementation), and the environment; and how it

complies with regulatory statutes and requirements. Other key components of

effectiveness evaluation include whether the remedial alternative will reduce toxicity,

mobility, or volume of contamination via treatment; long-term effectiveness; and short-

term effectiveness.

The implementability of an alternative depends on its technical feasibility, the availability

of necessary technologies and resources to support the alternative, reliability of

technologies, and administrative feasibility such as the anticipated acceptance of an

alternative by regulatory agencies and the community.

To evaluate cost, each retained alternative is evaluated to estimate its projected overall

implementation cost. The costs developed for each alternative include capital costs,

construction management costs, and post-construction costs.

The following sections include a description of the potential remedial alternatives, an

initial screening of each alternative against the three primary criteria summarized

above, and a comparative evaluation of the alternatives with respect to the evaluation

criteria and each other.
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7.2 DESCRIPTION OF REMEDIAL ALTERNATIVES FOR CR6+ IN SOIL

Five potential remedial alternatives to address Cr6+ in soil were evaluated. These are:

 no further action (NFA);

 cement stabilization, with engineered cap;

 LDA mixing/ISCR and cement stabilization, with engineered cap;

 excavation and off-Site disposal; and

 engineered cap.

These alternatives are briefly described below:

No Further Action

The no further action (NFA) alternative is typically used as a comparative baseline for

other potential alternatives. The performance of a Site-specific HHRA is typically

required in order to apply for an NFA letter from the overseeing agency; however,

existing Site assessment data show elevated concentrations of Cr6+ in soil that

LARWQCB has required be addressed by active remediation.

Cement-only Stabilization and Cap

This alternative would require the use of LDAs to deliver and mix, in-situ, a specified

formulation of Portland cement to reduce the mobility of primarily Cr6+ in impacted soil

designated for treatment. This alternative has been used to reduce the mobility of

numerous metals in soil at numerous sites; however, its effectiveness for reducing the

mobility of Cr6+ was uncertain. Therefore, a cement stabilization bench-scale treatability

test was performed to assess the effectiveness of this technology to reduce mobility of

Cr6+ in the buffer zone; and to assess this potential alternative as a stand-alone

technology.
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In addition, this alternative includes the installation of an engineered cap at ground

surface covering residual Cr6+ left in place in the buffer zone, to impede infiltration of

water from the surface. The locations and volume of soil to be addressed by the

alternative are based on the cleanup goal of 5.6 mg/kg established for Cr6+. Based on

the lateral and vertical extent of Cr6+ exceeding 5.6 mg/kg, as summarized on Plates 3B

and 4A through 4D, the estimated volume of soil requiring treatment via LDA and

cement stabilization is 5,800 cubic yards. As depicted in the aforementioned plates,

Cr6+-impacted soil is anticipated to extend as deep as 45 feet below grade (i.e., to

groundwater) in some locations.

Bench-scale testing of cement-only stabilization was performed as part of the

development of this RAP. The results are discussed later in this section. A field pilot

scale test would be required to estimate the proper formulation of cement and soil

under field conditions. Confirmation borings and confirmatory testing of treated

materials will be needed. There is a waste disposal component for this alternative,

necessary to address swell material generated during the mixing of cement with soil.

LDA Mixing and ISCR, with Cement Stabilization

This alternative will require the use of LDAs to deliver and mix, in-situ, a formulation of a

chemical reducing agent to reduce Cr6+ to Cr3+ (to mitigate the toxicity of Cr6+) and a

stabilizing agent (such as cement) to lower mobility in the soil.

An initial screening of potential in-situ chemical reducing agents for Cr6+ in vadose-zone

soil was performed. Based on this screening, many of the reducing agents were

removed from further consideration due to concerns regarding the technical feasibility.

For example, zero-valence iron (ZVI) is a proven remedial alternative for reduction of

Cr6+ in the saturated zone as part of a permeable reactive barrier (PRB). However, for

ZVI to work in the vadose zone, a significant amount of water would need to be added

to the vadose zone, essentially to the point of saturation, with the potential for flushing

Cr6+ or other COCs from the vadose zone into groundwater during the process. Two

chemical reducing agents (CaSx and ferrous sulfate) previously used for reduction of
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Cr6+ at similar sites were selected for bench-scale testing and proven technically

feasible and effective for the Site; therefore, other potential ISCR agents were not

considered in this RAP.

To reduce the potential for infiltration of the reducing agent to groundwater, the

reducing agent will be applied only to a depth of 35 feet bgs, leaving a 10-foot thick

buffer zone of untreated soil. The soil in this buffer zone will be treated with a

stabilizing agent (i.e., cement) to reduce the mobility of both the reducing agent and

residual Cr6+ within the buffer zone. In addition, this alternative includes the installation

of an engineered cap at ground surface covering residual Cr6+ left in place in the buffer

zone, to impede infiltration of water from the surface. The locations and volume of soil

to be addressed by the alternative are based on the cleanup goal of 5.6 mg/kg

established for Cr6+. Based on the lateral and vertical extent of Cr6+ exceeding 5.6

mg/kg as summarized on Plates 3B and 4A through 4D, the estimated volume of soil

requiring treatment via LDA/ISCR is 5,800 cubic yards. As depicted in the

aforementioned plates, Cr6+-impacted soil extends as deep as 43.5 feet below grade

(i.e., to groundwater) in some locations.

Bench-scale testing of ISCR was performed as part of the development of this RAP.

The results are discussed later in this section. In addition, supplemental cement

stabilization bench-scale treatability testing was performed, as described later in this

RAP. A field pilot scale test will be required to assess whether the proper formulation(s)

of chemical reducing agent and stabilizing agent, and proper delivery are achievable

under field conditions. Confirmation borings and confirmatory testing of treated

materials will be needed. There is a waste disposal component for this alternative,

necessary to address swell material generated during the application of the ISCR

formula to soil.

Excavation and Off-Site Disposal

This remedial alternative consists of excavating impacted soil and transporting it

to an approved off-Site treatment, storage, and disposal facility (TSDF). The volume of

Cr6+-impacted soil requiring excavation is approximately 5,800 cubic yards. The

approximate excavation dimensions would be 105 feet by 45 feet, by 25 feet deep; plus
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a deeper area of approximately 45 feet by 45 feet by 18 feet deep. An additional 800

cubic yards of soil would also be removed for side sloping of the excavation. The

impacted soil would be removed within pre-determined areas to established depths

(based on the existing Site assessment data), and followed by soil confirmation

sampling at the edges and bottom of the excavation to assess the need for further

removal of impacted soil. This alternative will require shoring to allow excavation to the

limits of impacted soil, equipment to excavate impacted soil and overburden, trucks to

transport and dispose of excavated soil at a licensed TSDF, clean fill to be used for

backfill material, and equipment to place and compact backfill.

Engineered Cap

This alternative involves placing a low-permeability engineered cap over impacted soil

to impede surface water infiltration and leaching of COCs to groundwater. Typical

single-layer caps are composed of concrete or bituminous asphalt. Typical multi-layer

(engineered) caps consist of multiple layers of various materials, which may include a

geomembrane, clay, sand, gravel, impermeable barrier(s), and in some cases

vegetation. Caps require periodic inspections and long-term maintenance to ensure

that they remain intact. Assuming no treatment, the engineered cap would cover most

of the Excello portion of the Site, have a surface area of approximately 21,000 square

feet; and include base material, an impermeable barrier, and a 9-inch-thick, reinforced

concrete surface completion.

7.3 SCREENING OF REMEDIAL ALTERNATIVES FOR CR6+ IN SOIL

No Further Action

Effectiveness – This remedial alternative will not address impact to the subsurface, is

not protective of human health and the environment, and will not achieve

regulatory-/risk-based cleanup goals developed for the Site. This remedial alternative

does not reduce the toxicity, volume, or mobility of impacts to soil via treatment. It

provides short-term effectiveness but does not provide long-term effectiveness and

permanence.
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Implementability – This remedial alternative does not require equipment, labor force,

permits, or other resources to implement, and therefore is readily implementable. The

implementation of this remedial alternative will require use of a deed restriction limiting

future property use to commercial and industrial uses following US EPA institutional

controls guidance. The regulatory agencies and local community are not expected to

accept this alternative.

Costs – There are no costs associated with this alternative; therefore, the alternative is

cost-effective.

This alternative was not retained for further consideration because it does not address

known impact to the subsurface and is not expected to be accepted by the community

or regulatory agencies.

Cement-only Stabilization with Engineered Cap

The intent of cement-only stabilization is to reduce the mobility of Cr6+ (and other

metals) in soil, once encapsulated in cement. In-situ chemical stabilization technologies

are classified as either “wet” or “dry,” depending on how the stabilizing agent is applied

to the soil. For the wet mix method, a stabilizer-water slurry is injected through large

diameter mixing augers and drilled to a specific depth. Injection is usually performed on

the down stroke, with mixing accomplished on both the down and up strokes.

The LDA and cement stabilization technology, when applied to soil, generates swell

material that typically requires off-Site disposal. The volume of swell material can be 20

to 30 percent of the total soil volume treated; therefore, understanding the quantity of

material that will be generated, and the waste classification and disposal options for this

material, is an important consideration for this alternative. Excess swell material that

contains concentrations of Cr6+ below the Site-specific cleanup goals may be used

during rough grading to level the Site surface prior to construction of the cap.
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The screening evaluation for LDA application of cement, with an engineered cap is as

follows:

Effectiveness – As part of the development of this RAP, cement stabilization bench-

scale testing was performed by Prima Environmental, Inc. (PRIMA), an independent

bench-scale testing firm. The primary objective of cement-only bench-scale treatability

testing activities was to assess the feasibility and effectiveness of cement soil

stabilization for application within the buffer zone. Also, this testing was performed to

assess the potential feasibility and effectiveness of cement stabilization/solidification as

a stand-alone technology for stabilizing metals-impacted soil at the Site, which included

Cr6+, Cr, Cd, and Ni. As the latter three metals are not Site COCs, the results were not

included in the RAP text, but can be found in Appendix L. The performance goal of the

cement-only bench-scale treatability testing included a concentration for Cr6+ of less

than 5 μg/L (City of Glendale Voluntary Cleanup Goal for groundwater) for the leachate

from the cement-treated soil samples.

Bench-scale testing was performed using soil collected simultaneously with the soil

samples collected for physical parameter testing. Soil from boring KLF-1 (see Plate 2),

drilled in November 2009, was selected for bench-scale testing because it was

collected in the vicinity of the highest concentrations of Cr6+, near borings B-20, B-22,

B-37, and K-20, and is thought to be representative of the types of soil that will be

encountered during remedial activities. The soil from boring KLF-1 for bench-scale

testing was collected from boring spoils, and consists primarily of sands and silty sands,

which is consistent with nearby boring logs. Several cement concentrations by weight,

including 4%, 8%, 12% and 18%, were added to Site soils to allow for curing and

subsequent leach testing to select the quantity of cement to be added to soil during field

implementation. Soil and cement samples were allowed to cure for 7 days prior to

being subjected to analytical laboratory chemical testing. Cured samples were then

submitted to an analytical laboratory for leach testing in general accordance with the

modified deionized water (DI) waste extraction test (WET), US EPA Method 6020, and

US EPA Method 7199.
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Results of cement-only bench-scale treatability testing are included in Appendix I, and

are briefly summarized below:

 cement cores disintegrated during the extraction process possibly due to

insufficient curing time;

 the leachable concentration of Cr6+ did not meet the performance goal listed

above; and

 although not appreciable, the mobility of Cr6+ was further reduced with increasing

concentrations of cement.

Based on the results of the bench-scale testing performed, cement stabilization as a

stand-alone remedial alternative would not be effective as it does not appear to be

protective of human health and the environment; and it does not result in an adequate

reduction of toxicity, volume, and mobility of Cr6+ to groundwater. The effectiveness of

this remedial alternative may be enhanced by the installation of an engineered cap

above the buffer zone, which would reduce the amount of rainwater infiltration entering

the subsurface, and thereby reduce the migration of Cr6+ to groundwater. This remedial

alternative may be implemented in less than 1 year and therefore provides short-term

effectiveness. The cement stabilization/solidification technology is not expected to

provide long-term effectiveness and permanence, and is not expected to achieve the

cleanup goals developed for the Site.

Implementability – This remedial alternative has been implemented at sites with metal-

impacted soil. This alternative requires equipment, labor force, raw materials, and

resources that are readily available; however, the implementation of this remedial

alternative may cause temporary disruption and/or nuisance to the surrounding

community, for which various countermeasures could be implemented to reduce such

impact. A number of measures will need to be in place during implementation of this

alternative to ensure that construction workers, nearby residents, and the environment

are protected. These measures may include, at minimum, sound barriers, dust

monitoring and suppression, odor suppression, and installation of stormwater best

management practices (BMPs) to mitigate potential runoff of rainwater carrying

impacted soil. Dust and odor suppression may be achieved by spraying water or an

approved surfactant on the soil during the construction activities. There are various
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BMPs that may be implemented, including silt fences, hay bales, sand bags, retention

ponds, street sweeping, and others. Implementation of LDA-applied cement

stabilization is expected to generate swell material requiring off-Site disposal. Due to

the commercial/industrial Site-specific cleanup levels, the implementation of this

remedial alternative will also require use of a deed restriction that includes language

attached as Appendix C, limiting future property use to commercial and industrial uses

following institutional controls guidance of US EPA and LARWQCB. This remedial

alternative has been used successfully at other properties and is expected to be

acceptable to the community and regulatory agencies.

Costs – Because this alternative is not expected to be effective or achieve remedial

goals, costs for it were not developed. However, these costs are expected to range

from moderate to high, depending on the waste categorization of the impacted soil and

commensurate disposal costs.

This alternative was not retained for comparative evaluation.

LDA Mixing and ISCR with Engineered Cap

The Cr6+ in soil may be reduced in situ using one of several reducing agents, including

CaSx or Fe2+ sulfate. These reagents reduce Cr6+ to Cr3+ and form low-solubility, Cr

precipitates. In-situ chemical stabilization technologies are classified as either “wet” or

“dry,” depending on how the stabilizing agent is applied to the soil. For the wet mix

method a stabilizer-water slurry is injected through large diameter mixing augers and

drilled to a specific depth. Injection is usually performed on the down stroke, with

mixing accomplished on both the down and up strokes.

The LDA/ISCR technology, when applied to soil, generates swell material that typically

requires off-Site disposal. The volume of swell material can be 20 to 30 percent of the

total soil volume treated; therefore, understanding the quantity of this material that will

be generated, and the waste classification and disposal options for this material, is an

important consideration for this alternative. Excess swell material that contains

concentrations of Cr6+ below the Site-specific cleanup goals may be used during rough

grading to level the Site surface prior to construction of the cap.
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As part of the development of this RAP, bench-scale testing was performed by PRIMA,

an independent bench-scale testing firm, to assess the potential effectiveness of ISCR

on the Site soils. The bench-scale testing evaluated the use of CaSx and Fe2+ sulfate

as chemical reducing agents to convert Cr6+ in the Site soils to Cr3+. Bench-scale

testing was performed using soil collected simultaneously with the soil samples

collected for physical parameter testing. Several formulations of CaSx and Fe2+ sulfate

were tested, to evaluate the performance of the reducing agent to be added to soil

during field implementation. Bench-scale testing also included the addition of cement

to the soil as a stabilizing agent to reduce mobility of Cr6+ (see Appendix L). Results of

bench-scale testing indicate that both reducing agents were effective at reducing Cr6+ to

Cr3+, and leach testing performed using the Synthetic Precipitation Leaching Procedure

(SPLP, performed using US EPA Method 1312) indicated that both the CaSx (with or

without cement) and Fe2+ sulfate (with cement) significantly reduced the mobility of Cr6+

(see Appendix M). No additional bench-scale testing for reducing agents is proposed,

as both CaSx and Fe2+ sulfate were successful in reducing Cr6+ in soil during bench-

scale testing, have been used at similar sites, and are included in the General Waste

Discharge Requirements (WDR) Permit.

The results of the bench-scale testing also identified several engineering considerations

that have implication for both the effectiveness and implementability of this alternative.

These considerations are listed by reducing agent below. Mitigation measures are

provided following the summary of these considerations.

CaSx Reduction

 CaSx has a strong sulfide odor.

 Temperature increased and soil dried out when CaSx was applied to soil having a

high concentration of metals (i.e., spiked soil; see Appendix M). Use of additional

water may therefore be needed in areas of high metals concentrations.
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 CaSx was rapidly consumed when added to soil with high metals concentrations,

but consumed much more slowly when added to soil with low metals concentrations.

The amount of CaSx added to the soil should be adjusted depending on the

concentration of metals in the soil. In addition, residual unreacted CaSx may remain

in the soil after treatment. Use of other engineering controls may be needed to

completely decompose excess CaSx and prevent impact to groundwater and

downgradient wells.

Fe2+ Sulfate Reduction

 Fe2+ sulfate must be added as an acidic solution (i.e., with acidified make-up water if

added dry) to prevent pre-mature oxidation of Fe2+ to ferric iron (Fe3+).

 Fe2+ sulfate should be used only in conjunction with cement in order to ensure at

minimum near-neutral pH after treatment. Fe2+ sulfate alone effectively decreased

concentrations of Cr6+, but because of low pH most other metals were highly

leachable.

 Based on bench-scale testing results, the acidity of the solution that must be

injected into the subsurface would be approximately 2 pH units; therefore, an acid

with much lower pH would require delivery, handling, and on-Site mixing, to create

the solution of desired pH.

 Application of Fe2+ sulfate requires careful mixing of the solution being applied to the

subsurface, and if not properly applied can create a flush of Cr6+ to groundwater,

which could negatively impact quality of groundwater extracted from well GS-3.

 The cement dose must be optimized to ensure the final pH is adequate to prevent

leaching of Cr6+, but also not applied at too high a cement concentration because of

the possibility of acidifying the soil with FeSO4•7H2O and leaching of other metals

which would negatively impact quality of groundwater being extracted at well GS-3.

Based on the results of the bench scale testing (Appendix M), and considerations

discussed above, CaSx appears to be a more-desirable reducing agent than Fe2+

sulfate primarily due to the potential hazards to construction workers associated with

the need to handle low pH acids for dissolution of the Fe2+ sulfate reagent; the potential
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to increase the mobility of Cr6+ under the resulting acidic conditions; and the need to

add cement to carefully control the soil pH, which may not be feasible under field

conditions.

Mitigation measures for negative impacts of the reducing agent will be included in the

design plans and specifications, to be prepared following performance of the field pilot

test. A summary of these mitigation measures is provided below.

 Odors may be mitigated by use of a light spray of water or an approved

surfactant.

 To mitigate the potential for unreacted CaSx to reach groundwater it is proposed

that the LDA/ISCR only be applied to a depth of 35 feet bgs, leaving an

approximately 10-foot-thick buffer zone between the bottom of the ISCR-treated

soil and the groundwater table. In this proposed scenario the buffer zone will be

treated with stabilizing agent (cement) only, to reduce permeability and therefore

mobility of Cr6+, and provide a vertical interval for unreacted CaSx (if any) to be

assimilated and oxidized before reaching groundwater. This approach will result

in the treatment of approximately 93 percent of the estimated Cr6+ mass in Site

soil (see calculation provided in Appendix N) via ISCR, and the remaining

approximately 7 percent of Cr6+ mass will be addressed by stabilization only.

 To reduce the potential for surface water infiltration, this alternative includes an

engineered cap, covering and extending by as much as 50 feet beyond the

lateral limits of the buffer zone. See Plate 6 for a conceptual representation of

the engineered cap.

The screening evaluation for LDA/ISCR is as follows:

Effectiveness – Based on the results of the bench-scale testing performed as part of

the RAP preparation, this alternative appears to have a high level of effectiveness at

reducing Cr6+ to Cr3+ and immobilizing the Cr6+ in place. Field pilot testing is needed as

part of the implementation, to assess whether bench-scale test results for injection and

mixing of CaSx and cement translate to the field, as expected, and if odor control

measures will be needed. This remedial alternative may be implemented in less than 1

year and therefore provides short-term effectiveness. This remedial alternative will
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address impact to the subsurface, and is anticipated to be protective of human health

and the environment by reducing the toxicity, volume, and mobility of Cr6+. The ISCR

technology is expected to provide long-term effectiveness and permanence, and is

expected to achieve the cleanup goals developed for the Site. Case studies

documenting the effectiveness of the use of CaSx as a means of reducing Cr6+ to Cr3+

in soil, are included as Appendix O.

Implementability – This remedial alternative has been implemented at properties with

similar COCs in the subsurface. This alternative requires equipment, labor force, raw

materials, and resources that are readily available; however, the implementation of this

remedial alternative may cause temporary disruption and/or nuisance to the

surrounding community, for which various countermeasures could be implemented to

reduce such impact. A number of measures will need to be in place during

implementation of this alternative to ensure that construction workers, nearby residents,

and the environment are protected. These measures may include, at minimum, sound

barriers, dust monitoring and suppression, odor suppression, and installation of

stormwater BMPs to mitigate potential runoff of rainwater carrying impacted soil. Dust

and odor suppression may be achieved by spraying water or an approved surfactant on

the soil during the construction activities. Various BMPs may be implemented,

including silt fences, hay bales, sand bags, retention ponds, street sweeping, and

others. Implementation of LDA/ISCR is expected to generate swell material requiring

off-Site disposal. Due to the commercial/industrial Site-specific cleanup levels, the

implementation of this remedial alternative will also require use of a deed restriction that

includes language attached as Appendix C, limiting future property use to commercial

and industrial uses following institutional controls guidance of US EPA and LARWQCB.

This remedial alternative has been used successfully at other properties and is

expected to be acceptable to the community and regulatory agencies.

Costs –Various costs are associated with this alternative, including those for project

management, engineering, permitting, equipment, labor, subcontractors, chemicals,

capping materials, water, and waste disposal. Costs for implementing this alternative

may range from moderate to high, depending on the waste categorization of the

impacted soil and commensurate disposal costs. The actual cost of this alternative

may vary across a wide range, depending primarily on the volume of soil to be
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addressed by LDA/ISCR, and waste disposal. The rough order of magnitude cost to

implement LDA/ISCR for the estimated volume of soil exceeding the cleanup goal of

5.6 mg/kg for Cr6+ ranges from $2,500,000 to approximately $2,800,000. These costs

do not include performing a hazardous building material survey (HBMS) of the existing

Site building, hazardous building material abatement, or building demolition. A cost

summary for this alternative is included as Appendix P.

This alternative was retained for comparative evaluation.

Excavation and Off-Site Disposal

Effectiveness – This remedial alternative will address impact to the subsurface, is

anticipated to be protective of human health and the environment, and is expected to

achieve regulatory-/risk-based cleanup goals developed for the Site. However, the

volume, toxicity, and mobility of COCs are not actually addressed by treatment under

this alternative, but rather are physically moved to another location. This remedial

alternative can be implemented in less than 1 year, and therefore provides short-term

effectiveness. In addition, because the impacted soil is removed from the Site, this

alternative provides long-term effectiveness and permanence.

Implementability – This remedial alternative has been implemented at properties with

similar COCs in the subsurface, and therefore is technically feasible. The

implementation of this remedial alternative may cause temporary disruption and/or

nuisance to the surrounding community due to various factors including relocation of

utilities, dust, noise, and increased truck staging and traffic. This alternative would also

have negative impacts to the environment including increased greenhouse gas

emissions and increased landfill contributions. This alternative requires equipment,

labor force, raw materials, and resources that are readily available. Various measures

will need to be in place, during implementation of this alternative, to protect construction

workers, nearby residents, and the environment. These measures may at minimum

include sound barriers, fugitive dust and VOC monitoring and suppression, and

installation of stormwater BMPs to mitigate potential runoff of rainwater carrying

impacted soil. Dust and odor suppression may be achieved by spraying water or an

approved surfactant on the soil. Various BMPs may be implemented, including silt
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fences, hay bales, sand bags, retention ponds, street sweeping, and others.

Excavation and off-Site disposal will provide long-term effectiveness and permanence.

Implementation of this remedial alternative will require use of a deed restriction (with

language attached as Appendix C) regarding future property use following US EPA

institutional controls guidance, due to use of industrial/commercial cleanup goals.

Various concerns are related to the implementation of this alternative, including the

large number of truck trips necessary to transport hazardous and potentially hazardous

soils through the community on public roadways, with potential exposure of the general

public to these materials. The large number of truck trips anticipated would result in

greenhouse gas emissions, increased traffic, and an increased risk of accidents on

neighborhood streets. The numerous truck trips will have a temporary negative impact

on the quality of life of nearby residents caused by the increased truck traffic, noise,

and emissions. Regulatory agencies have been known to limit the allowable number of

truckloads that can be hauled in a given day, which could extend the duration of this

alternative. For these reasons, this remedial alternative may not be acceptable to the

community.

Costs –Various costs are associated with this alternative, including those for permitting,

equipment, labor, subcontractors, water, and waste disposal. Costs for implementing

this alternative could range from moderate to high, depending primarily on the waste

categorization of the impacted soil and commensurate disposal costs. The wide cost

range is primarily due to the degree of uncertainty regarding the disposal profile(s) of

the excavated soil and resulting disposal costs. The rough order-of-magnitude cost to

implement excavation and off-Site disposal for the estimated volume of soil exceeding

the cleanup goal 5.6-mg/kg Cr6+, plus overburden, ranges from $2,800,000 to

approximately $4,300,000. These costs do not include performing an HBMS of the

existing Site building, hazardous building material abatement, or building demolition. A

cost summary for this alternative is included as Appendix P.

This alternative was retained for comparative evaluation.
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Engineered Cap

Effectiveness – This remedial alternative used alone will not reduce the volume or

toxicity of impact to the subsurface, but is anticipated to be more protective of human

health and the environment than the NFA alternative. This remedial alternative can be

implemented in less than 1 year, and therefore provides short-term effectiveness.

Should the groundwater level rise, this alternative will not prevent leaching of Cr6+ in soil

by groundwater that comes into contact with it.

Implementability – This remedial alternative has been implemented at properties with

similar COCs in the subsurface, and therefore is technically feasible. The

implementation of this remedial alternative will be anticipated to cause relatively

minimal disruption and nuisance to the surrounding community. This alternative

requires equipment, labor force, raw materials, and resources that are readily available.

The engineered cap will require long-term maintenance to ensure long-term

effectiveness and permanence. The implementation of a cap will also require a deed

restriction (with language included as Appendix C) regarding future property use

following US EPA institutional controls guidance.

Costs –Various costs are associated with this alternative, including those for permitting,

equipment, labor, subcontractors, materials, water, and waste disposal (if excess soil is

generated from clearing and grubbing). The cost to implement this alternative is

expected to be low to moderate, depending on cleanup goals and the footprint of

impacted soil associated with the cleanup goals. A cost summary for this alternative is

included as Appendix P.

A key evaluation criterion for this remedial alternative is whether it will be accepted by

the regulatory agencies and community. Preliminary indications are that this

alternative, used solely, will not be acceptable to these parties; therefore, this

alternative will not be developed further in this document.
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7.4 COMPARATIVE EVALUATION OF ALTERNATIVES FOR CR6+ IN SOIL

The alternatives retained for the comparative analysis included LDA/ISCR with an

engineered cap, and excavation and off-Site disposal. A comparative analysis of the

retained remedial alternative was performed to evaluate the relative anticipated

performance. A summary of this evaluation is provided in Table 1. Although the

alternatives of NFA and capping without treatment were not retained for consideration,

they are also presented in Table 1. In summary, the comparative evaluation of retained

remedial alternatives indicates that LDA/ISCR with an engineered cap, using CaSx as

the reducing agent and cement as the stabilizing agent, is the preferred alternative for

Cr6+-impacted soil at the Site. This reducing agent is preferred because it may be

implemented in situ, has been previously implemented in Los Angeles County (see

Appendix O for case studies), does not require a large staging area (unlike that required

for alternatives requiring excavation), and is more cost-effective than other alternatives.

Excavation with off-Site disposal was not a preferred alternative for several reasons,

most notably because it was not cost-effective in view of the need to dispose of

considerable waste material at high cost, and because the removal of such large

amounts of material would result in large traffic impacts to the community.

7.5 DESCRIPTION OF REMEDIAL ALTERNATIVES FOR PCE AND TCE IN SOIL

VAPOR

Three potential remedial alternatives to address PCE and TCE in soil vapor were

considered, as follows:

 NFA;

 SVE and treatment with vapor-phase granular activated carbon (VPGAC); and

 excavation and on-Site thermal desorption.

No Further Action

The NFA alternative is typically used as a comparative baseline for other potential

alternatives.
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Soil Vapor Extraction

SVE is an in-situ vadose zone soil remediation alternative where vacuum is applied to

the subsurface by an extraction blower of adequate specifications to induce the

extraction of soil vapors, and remove volatile and some semi-volatile organic

compounds from soil and soil vapor. Extracted vapors are treated to recover or destroy

the contaminants. Extracted VOCs are removed from the extracted vapor stream via

VPGAC, which will adsorb VOCs to avoid their release to the atmosphere, and would

require periodic replacement. An SVE well and observation wells would be installed to

facilitate SVE pilot testing, which would allow the proper sizing and selection of

specifications of an extraction blower and VPGAC vessels, the proper spacing of SVE

wells with respect to the achievable effective radius of influence (ROI) in the vadose

zone and VOC plume, and sizing of extracted vapor conveyance piping.

SVE with adsorption by VPGAC is a proven technology that has been implemented at

many properties, and is a presumptive remedy for the removal of VOCs from the

vadose zone (US EPA, 1996d). SVE has the ability to treat large areas of vadose zone

impact with minimal surface disturbance.

Excavation, On-Site Thermal Desorption, and Backfill and Compaction

This remedial alternative consists of on-Site staging, excavating impacted soil, and

treating soil on-Site with a thermal oxidizer. There may be a need to transport some

excavated soil off-Site to a licensed TSDF. Soil excavation would be achieved at the

Site by the use of heavy-duty equipment, such as a backhoe, trackhoe, excavator, or

other earth-moving equipment, to facilitate the removal of pre-determined impacted soil

volumes (based on existing Site assessment data), with lateral and vertical extents

established by cleanup goals for PCE and TCE in the vadose zone. Soil confirmation

sampling at the lateral and vertical limits of the excavation would be required to assess

the need to further remove impacted soil in a targeted manner. Most of the lateral

extent of Site soil, extending vertically to groundwater, will require excavation to

implement this alternative. An appropriately-sized thermal desorption unit would be

mobilized to the Site and used to treat PCE and TCE in excavated soil. The treated soil

would then be used to backfill the excavation.
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7.6 SCREENING OF REMEDIAL ALTERNATIVES FOR PCE AND TCE IN SOIL

VAPOR

No Further Action

The NFA alternative is typically used as a comparative baseline to other potential

alternatives. The performance of a Site-specific HHRA is typically required in order to

apply for a NFA letter from the overseeing agency. However, existing Site assessment

data indicate elevated concentrations of PCE and TCE in soil that LARWQCB has

required be addressed with active remediation.

Effectiveness – This remedial alternative will not address impact to the subsurface, is

not protective of human health and the environment, and will not achieve

regulatory-/risk-based cleanup goals developed for the Site. This remedial alternative

does not reduce the toxicity, volume, or mobility of impacts to soil.

Implementability – This remedial alternative requires no equipment, labor force, permits,

or other resources to implement, and therefore is readily implementable. As previously

noted, existing Site assessment data indicate the presence of elevated concentrations

of PCE and TCE in soil that LARWQCB has required be addressed by active

remediation. This alternative is, therefore, not expected to be acceptable to regulatory

agencies and the community.

Costs – There are no costs associated with this alternative; therefore, the alternative is

cost effective.

This alternative was not retained for further consideration because it does not address

known impact to the subsurface and it is not expected to be accepted by the regulatory

agencies or community.
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Soil Vapor Extraction

SVE is an in-situ vadose zone soil vapor remediation alternative whereby vacuum is

applied to the subsurface to induce the extraction of vapors and remove volatile and

some semi-volatile organic compounds from the soil. Extracted soil vapors are treated

to recover or destroy the contaminants.

Effectiveness – This remedial alternative will address impacts to the subsurface and is

anticipated to be protective of human health and the environment. The alternative is

expected to reduce the toxicity, volume, and/or mobility of impacts to soil via treatment.

Treatment or adsorption of the extracted PCE and TCE poses minimal risk to the

community, on-Site workers, and the environment.

Implementability – This remedial alternative has been implemented at properties with

similar COCs in the subsurface, and therefore is expected to be technically feasible.

Pilot testing must be performed, however, to assess the ROI of vapor extraction wells

and whether this alternative will work at the Site as expected. This alternative requires

equipment, labor force, raw materials, and resources that are readily available. This

remedial alternative is expected to be acceptable to the regulatory agencies and

community because it is the US EPA presumptive remedy for remediation of VOCs in

soil and soil vapor.

Costs –Various costs are associated with this alternative, including those for permitting,

equipment, labor, chemicals, utilities, and waste disposal. The estimated rough order

of magnitude cost to perform SVE treatment at this Site ranges from $500,000 to

approximately $750,000. These costs do not include performing an HBMS, hazardous

building material abatement, or building demolition, should these be required prior to

implementing this alternative. Costs may exceed this range if long-term (i.e., greater

than 12 months) operations and maintenance (O&M) is needed.
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Excavation, On-Site Thermal Desorption, and Backfill and Compaction

This remedial alternative consists of excavating impacted soil, treating it on Site with a

thermal oxidizer and using the treated soil to backfill the excavation. There may be a

need to transport some soil off-Site to a licensed TSDF. Soil excavation may be

achieved by the removal of pre-determined areas to pre-established depths (based on

existing Site assessment data), followed by soil confirmation sampling at the lateral and

vertical extent of the excavation to assess the need to further remove impacted soil in a

targeted manner. An appropriately-sized thermal desorption unit will be mobilized to

the Site and used to treat PCE and TCE in soil.

Effectiveness – This remedial alternative will address impact of PCE and TCE to the

subsurface, but not Cr6+ impacts, and therefore alone will not be protective of human

health and the environment. It is expected to reduce the toxicity, volume, and/or

mobility of only the VOC COCs in soil, via treatment. However, this remedial alternative

will not achieve regulatory-/risk-based cleanup goals developed for Cr6+.

Implementability – This remedial alternative has been implemented at properties with

similar COCs in the subsurface, and therefore is technically feasible. The

implementation of this remedial alternative may cause long-term disruption and/or

nuisance to the surrounding community due to various factors, including the possible

shutdown of Goodwin Avenue, relocation of utilities, fugitive dust and VOCs, noise, and

odor; however, various measures may be implemented to reduce this impact. This

alternative would also have negative impacts to the environment including increased

greenhouse gas emissions due to excavation and soil handling equipment. Other

disadvantages of this alternative include the need to excavate the entire Site

(approximately 64,000 cubic yards of soil); the use of extensive shoring during

excavation; the proximity of the proposed excavation and risk of damage to extraction

well GS-3; the use of off-Site soil staging area, and off-Site SVE equipment staging and

operation, prolonging the implementation of the remedial alternative. This alternative

requires equipment, labor force, raw materials, and resources that are readily available.

The thermal desorption of PCE and TCE will provide long-term effectiveness and

permanence, but will not address Cr6+. For these reasons, this remedial alternative

may not be acceptable to the regulators and the community.
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Costs –Various costs are associated with this alternative, including those for permitting,

equipment, labor, chemicals, water, and waste disposal. This alternative is expected to

be very expensive because of the need to excavate a large volume of soil prior to on-

Site treatment of the impacted soil with a thermal desorption unit, and it is therefore

cost-prohibitive in comparison to soil vapor extraction.

This alternative was not retained for further evaluation because it will be cost-

prohibitive.

7.7 COMPARATIVE EVALUATION OF ALTERNATIVES FOR PCE AND TCE IN

SOIL VAPOR

The SVE remedial alternative was the only alternative retained for further evaluation;

therefore, there is no comparative evaluation of PCE and TCE remedial alternatives.

The preferred remedial alternative for PCE and TCE in soil is SVE. The scope of

activities pertaining to implementation of this remedial alternative is as shown above. A

conceptual design of the SVE remedial alternative is presented in Section 9.0.

Selection of this alternative is appropriate because:

 SVE is the US EPA’s presumptive remedy for VOC-impacted soil;

 the Site soils have characteristics that make SVE a favorable alternative;

 other than NFA, it is likely to be the lowest cost alternative for reducing VOC

concentrations in the Site soil; and

 implementation of this remedial alternative would not cause temporary disruption

and/or nuisance to the surrounding community associated with excavation.



101942/IRV10R214 Page 88 of 133 September 30, 2010
Copyright Kleinfelder 2010

8. PROPOSED REMEDIAL ALTERNATIVE FOR CR6+ IN SOIL

8.1 DESCRIPTION OF REMEDIAL ALTERNATIVE FOR CR6+ IN SOIL

The preferred remedial alternative for addressing Cr6+ in soil is LDA/ISCR with an

engineered cap. The estimated volume of affected soil requiring treatment is

approximately 5,800 cubic yards, based on a cleanup goal for Cr6+ of 5.6 mg/kg. The

estimated lateral and vertical extents of Cr6+-impacted soil are shown on Plates 4A

through 4D, and Plate 7B. A limited area of impacted soil extends the total depth of the

vadose zone to groundwater, but much of the impacted area extends only to shallower

depths. The vertical extent of impacted soil exceeding the Site-specific cleanup goal for

Cr6+ will be treated by LDA /ISCR where impact does not extend to within 10 feet of

groundwater. Areas with Cr6+-impacted soil that extends to within 10 feet of

groundwater and deeper will be treated with ISCR and stabilizing agent to a depth of

approximately 35 feet bgs, leaving an approximate 10-foot thick buffer zone between 35

feet and 45 feet bgs that will be treated with stabilizing agent only.

Soil to 35 feet bgs (in designated areas) will be treated by ISCR prior to cement-

stabilizing the interval from 35 to 45 feet bgs; therefore, Cr6+ above the 35- to 45-foot

interval is expected to be reduced to Cr3+ prior to cement-stabilization of the 35- to 45-

foot zone. This is intended to preclude the dragging of Cr6+ into the 35- to 45-foot

interval.

The LDAs will be advanced using a center spacing as appropriate to provide 20 percent

overlap of columns to mix impacted soil with the reducing and stabilizing agents (see

Plate 7A). The LDAs are attached to appropriate equipment and advanced to the

desired depth, with reducing and stabilizing agents delivered, via metering pump, down

the center of the LDA mixing tool to optimize mixing of soil and reagents. The extent of

soil to be treated, and the 10-foot-thick, cement-stabilized soil buffer zone that will be

maintained, are shown on Plate 7B.

An engineered cap is proposed as part of the preferred alternative, because it will

impede infiltration of rain water that might otherwise enter the vadose zone and

potentially serve as a transport mechanism for the migration of COCs to groundwater.



101942/IRV10R214 Page 89 of 133 September 30, 2010
Copyright Kleinfelder 2010

The cap will be designed in concert with the concrete truck apron currently planned for

the Site, and is expected to consist of a base material, impermeable barrier, and

concrete surface. The cap will cover approximately 11,500 square feet, as shown on

Plate 6. The purpose of the engineered cap is to provide surface cover above the

buffer zone where only cement stabilization will be used to treat the Cr6+-impacted soil.

The buffer zone will be installed between 35 and 45 feet bgs, within the 5.6 mg/kg Cr6+

isocontour (Plate 6). The cap will be designed to overlap this zone by as much as 50

feet on all sides.

This remedial alternative also includes the following:

8.1.1 Remedial design, permitting, and notifications.

8.1.2 Permitting, abandonment, and re-installation of two on-Site groundwater

monitoring wells (that will be impacted by Site remedial activities; RAP Activity IV).

8.1.2.1 Re-installing Well MW-2R directly downgradient of the

treatment area, between extraction well GS-3 and the treatment

area (see Plate 2), for continued monitoring during RAP

implementation of COCs in groundwater.

8.1.2.2 Re-installing Well MW-3R crossgradient of the treatment area,

along the treatment area and crossgradient of extraction well

GS-3 (see Plate 2), for continued monitoring during RAP

implementation of COCs in groundwater.

8.1.2.3 Screening of the wells for CaSx, discoloration, and odors

potentially resulting from treatment (monitoring of these wells

after implementation, as well as monitoring other wells initially

installed as part of Site characterization, is part of the regional

groundwater remedy, which is not part of this RAP).

8.1.2.4 Related reporting activities.
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8.1.3 Land surveying of the treatment area.

8.1.4 Implementation of stormwater BMPs, Site security, and noise and visual barriers.

8.1.5 Confirmation testing of treated soil via laboratory analyses on a daily basis, as well

as drilling and sampling of four confirmation sampling borings, each to a total

depth of 45 feet below grade.

8.1.6 Loading and off-Site disposal of excess swell material to a Class III (and possibly

Class I) TSDF (it is anticipated that the volume of swell material will be 20 to 30

percent of the total volume of soil treated).

8.1.7 Site restoration.

A deed restriction against the Site, referred to as a CERP, that corresponds to the

restrictions attached as Appendix C, will be recorded against the Site after approval and

execution by the LARWQCB’s Executive Officer, simultaneously with the acquisition of

title to the Site.

8.2 LARGE-DIAMETER AUGER MIXING/ISCR PILOT TESTING AND DESIGN

Prior to LDA /ISCR pilot testing a LDA/ISCR Pilot Test Workplan will be prepared. The

Workplan will summarize the field procedures for the pilot test that will be performed,

the testing schedule, and the data proposed for collection. The Workplan will be

submitted to LARWQCB for approval prior to performing the pilot test.

A design package for potential contractors capable of implementing LDA /ISCR will be

prepared. The bid package is anticipated to include a Site plan, logs of borings, plan-

view and cross-section drawings illustrating the lateral and vertical extent of soil impact,

specifications, and other relevant information. The bid package will be submitted to

LARWQCB for review and approval prior to submittal to contractors.
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Field pilot testing of LDA/ISCR will be performed to confirm results of the bench-scale

testing. Prior to performing the pilot test, a Site visit will be performed to observe

potential overhead obstructions, utility locations, means of ingress and egress, potential

safety issues, and other concerns that might impede field activities or cause safety-

related issues. A land surveyor will be mobilized to the Site to survey and mark the

location of the Cr6+-impacted area for pilot testing, as well as the locations for full-scale

field implementation. A private subsurface utility locating service will be mobilized to

the Site to assess for the potential presence of subsurface features that may be

encountered during the pilot testing. Additionally, Underground Service Alert (USA) will

be notified at least 48 hours (2 business days) prior to the commencement of intrusive

field work.

The LDA and support equipment will be mobilized to the Site to perform the pilot test. A

staging area of approximately 50 feet by 50 feet will be required for on-Site storage of

tanks, chemicals, and equipment. An area with diameter of approximately 5 feet will be

treated using CaSx and stabilizing agents during the pilot test. The LDAs will be

advanced to a maximum depth of 35 feet bgs, with injection and mixing of the CaSx

reagent with impacted soil.

Some treated soil will surface during the rotation of the LDAs, and will be sampled and

allowed to cure for approximately 7 days. After 7 days the sample will be submitted to

an analytical laboratory and analyzed for total metals using US EPA Method 6020, for

Cr6+ using US EPA Method 7199, and for leachable concentrations of metals per the

SPLP using US EPA Method 1312. A confirmation boring will also be advanced in the

treated area and samples will be collected from approximate depths of 5 feet and 15

feet bgs, and submitted for SPLP method analysis. Leachable concentrations of metals

will be compared to the concentrations observed during bench-scale testing, to evaluate

the correlation between bench-scale and pilot test results.

If the pilot test is not successful, alternative reducing agents will be evaluated. Only

those reagents listed on general order number R4-2007-019 will be considered. In

addition, stabilization using cement only will be evaluated.
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The California State Water Resources Control Board (SWRCB) requires acquisition of

a WDR Permit prior to injection of materials into the subsurface for remediation

purposes that have the potential to impact groundwater quality. LARWQCB has

informed Kleinfelder that General Order Number R4-2007-0019, Revised General

Waste Discharge Requirements for Groundwater Remediation at Petroleum

Hydrocarbon Fuel, Volatile Organic Compound and/or Hexavalent Chromium Impacted

Sites, is the general permit under which remedial activities at the Site will be performed

(see Appendix Q).

8.3 ENGINEERED CAP

8.3.1 Proposed Cap Design

An engineered cap to impede infiltration of surface water will be designed and installed

at the Site, with estimated lateral extent as shown on Plate 6 (approximately

11,500 square feet). The proposed cap will consist of a base, impermeable barrier, and

9-inch reinforced concrete surface layer. The cap will be designed as part of the truck

apron proposed for the Site and will include features to impede infiltration of water from

the surface into the subsurface. These features may include additional reinforcement

to prevent cracking and a reduction in the quantity and/or sealing of construction and

control joints.

8.3.2 Cap Maintenance Plan

Prior to implementation of the cap, a cap maintenance plan will be prepared and

submitted to the LARWQCB for its approval. The maintenance plan will outline the cap

inspection procedure and repair methods necessary to maintain its integrity. The plan

will provide that an annual inspection and cap integrity report will be prepared and

submitted to LARWQCB.
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8.4 LDA/ISCR PERMITTING

Implementation of this remedial alternative may require the acquisition of several key

permits, including but not limited to:

 90-Day Temporary Hazardous Waste Generator Permit

 WDR Permit from LARWQCB to allow for injection of the ISCR reagent(s);

 South Coast Air Quality Management District (SCAQMD) Rule 1166 Site-Specific

Permit;

 National Pollutant Discharge Elimination System (NPDES) Stormwater Permit for

construction, from LARWQCB;

 grading permit from the City of Los Angeles; and

 traffic control plan/permit from the City of Los Angeles.

The permit requiring the longest lead-time for LDA/ISCR is the WDR permit. Although

CaSx is an LARWQCB-approved reducing agent, the acquisition of this permit may

require up to 3 months for approval. Communication early and often with LARWQCB

will be required to facilitate the project’s permitting process.

An SCAQMD Rule 1166 permit will be required due to the planned disturbance of soil

and potential for fugitive VOC emissions. The need for an NPDES permit for

stormwater will be evaluated, depending upon the expected extent of the surface area

that will be disturbed during implementation of the LDA/ISCR alternative. It is not

presently expected that the NPDES permit will be required, but various stormwater

BMPs will be implemented to mitigate the potential for surface water runoff to transport

impacted Site soil to the surrounding environment. A grading permit from the City of

Los Angeles will presumably be required before performing LDA/ISCR and before

installing the engineered cap. A traffic control permit will be acquired to accommodate

truck traffic entering and leaving the Site.

Additional permits may be required, as to be determined during interaction with

regulatory agencies during the design phase of the remedial alternative.
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8.5 LDA/ISCR IMPLEMENTATION

Implementation of the LDA/ISCR remedial alternative will require, at a minimum, the

following tasks:

 subsurface clearance;

 utilities capping/close-out;

 set up and maintain stormwater BMPs;

 field pilot testing;

 coring and injection of ISCR and stabilizing agents, requiring 6 to 7 weeks of field

time, barring unforeseen events such as rain, limitations to truck traffic,

limitations on hours of operations, or other possible complications;

 confirmation sampling;

 cap installation; and

 site restoration.

Security measures will be put in place to secure the Site throughout remediation.

Fencing with enviroscreen, noise barriers, and stormwater BMPs will be installed. The

equipment will be mobilized to the Site to an approximately 50-foot by 50-foot staging

area for on-Site storage of tanks, chemicals, and equipment. Field pilot testing, as

previously described, will be performed. Assuming that the pilot testing is successful,

full-scale implementation of LDA/ISCR will commence.

During the implementation of LDA/ISCR, fugitive dust will require controls to limit

potential impacts to on-Site workers and off-Site receptors per SCAQMD permit

requirements, and possibly requirements of DTSC. The final remedial design

documents will include a fugitive dust control plan. Dust control will be required during

construction, demolition, excavation, soils and swell material handling, and other

earthmoving activities, including but not limited to land clearing, grubbing, scraping,

travel on Site, and travel on access roads to and from the Site.
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Soil within a surface area of approximately 3,800 square feet (5,800 cubic yards) will be

treated with LDA/ISCR, and LDAs will be advanced to various depths depending on

location, as shown on Plate 7A. The approximately 8-foot LDAs will be advanced on

appropriate centers to provide 20-percent overlap of columns, to thoroughly mix

impacted soil with the reducing and stabilizing agents. The LDAs are attached to

appropriate equipment and advanced to the desired depth, with reducing and stabilizing

agents delivered via metering pump down the center of the mixing tool to optimize

mixing of soil and reagents. Impacted areas exceeding the Site-specific cleanup goals

that do not extend to within 10 feet of groundwater will be treated by LDA/ISCR.

Impacted areas extending within 10 feet of groundwater will be treated with ISCR and

stabilizing agent to a depth of 35 feet bgs. CaSx will be applied in this treatment zone

first, and allowed to reduce Cr6+ to Cr3+ for at least 24 hours, after which stabilizing

agent will be applied from surface to 45 feet bgs, creating an underlying 10-foot thick

buffer zone (between 35 feet and 45 feet bgs) treated with stabilizing agent (i.e.,

cement) only. The formulation of reducing and stabilizing agents may require

modification throughout field implementation, depending on a number of parameters,

including but not limited to soil types, the concentrations of metals in soil, and soil

moisture content.

8.5.1 Performance Assessment

An LDA/ISCR Implementation Workplan will be prepared to describe the process and

procedures for implementing this remedial alternative. This Workplan will include a

discussion of LDA/ISCR performance assessment, which is summarized in this

subsection.

Four performance assessment soil borings will be advanced within the soil treatment

area following the application of CaSx and collection of performance assessment

samples. The time frame for collecting performance assessment samples following

CaSx application will be determined based on results of LDA/ISCR field pilot testing.

Performance assessment samples will be collected from depths of 10 feet, 20 feet, and

30 feet bgs, and submitted to an analytical laboratory for analysis of Cr6+ using US EPA

Method 7199. Sample collection and analysis will be performed per the quality

assurance/quality control (QA/QC) discussion later in this document. If results of the
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performance assessment sample analyses indicate the Cr6+ soil cleanup goal (i.e. 5.6

mg/kg) has been achieved, the RAP activities will proceed with the application of the

cement stabilizer. If results of the performance assessment sample analyses indicate

the Cr6+ soil cleanup goal has not been achieved, the backup plan described in Section

8.5.2 will be implemented.

8.5.2 Backup Plan

If the Cr6+ soil cleanup goal is not achieved during the first application of CaSx, the soil

will be re-treated. Additional performance assessment samples will then be collected in

the re-treated areas to confirm the Cr6+ soil cleanup goal has been achieved. If the Cr6+

soil cleanup goal is achieved following re-treatment, the cement stabilizer will be

applied.

If the Cr6+ soil cleanup goal is not achieved following the second application of CaSx,

additional treatment with CaSx may be considered, or the cement stabilizer will be

applied, depending on the magnitude of the discrepancy between the performance

assessment results and the cleanup goal.

The cement stabilizer will be applied to the CaSx treated areas at a concentration

based on results of LDA/ISCR field pilot testing. Following application of the cement

stabilizer, additional performance assessment borings will be advanced and

performance assessment samples collected as described in Section 8.5.1. The

performance assessment samples will be submitted to an analytical laboratory and

analyzed for Cr6+ in soil using US EPA Method 7199, and the leachable concentration

of Cr6+ using the SPLP/US EPA Method 1312. If results of the performance

assessment sample analyses indicate the Cr6+ soil concentration exceeds the Cr6+ soil

cleanup goal, or the leachable concentration of Cr6+ exceeds the City of Glendale

Voluntary Cleanup Goal (5 µg/L), consideration will be given to applying a higher

concentration of cement.

If it is not possible to achieve the Cr6+ soil cleanup goal, or to immobilize Cr6+ sufficiently

to reduce the leachable concentration of Cr6+ to below the City of Glendale Voluntary

Cleanup Goal, then an HHRA will be performed to assess the risks associated with the
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residual concentrations of Cr6+ remaining in the vadose-zone soil. The HHRA will take

into consideration the reduction of Cr6+ mobility resulting from installation of an

engineered cap.

8.5.3 Site Restoration

Once LDA/ISCR is completed, the Site will be rough graded. Additional grading will be

required prior to installation of the engineered cap. Compaction of soil, placement of

various layers of the cap, including but not limited to a sand layer, impermeable barrier,

base material, and 9-inch reinforced concrete surface layer, will be performed. Annual

inspection and maintenance of the engineered cap will be required.

8.6 WDR PERMIT MONITORING

One year of quarterly groundwater monitoring and analyses is anticipated following

completion of remedial activities. Monitoring will include a sampling and analysis

program prepared in accordance with General WDR Permit R4-2007-0019, included in

Appendix Q. Additional Site-specific requirements may be required by the LARWQCB

approval letter. As previously stated, wells MW-2R and MW-3R (see Plate 2) will be

included in post remediation monitoring. In addition, one or more of wells MW1, MW4,

MW5, and/or MW6 may also be included in the monitoring well network. Consideration

will be given to use of neighboring US EPA extraction wells as WDR monitoring points if

their screening intervals are appropriate. After RAP implementation and WDR permit

monitoring are completed, both on- and off-Site wells will be abandoned.

8.7 WASTE MANAGEMENT

Excess swell material that contains concentrations of Cr6+ below the Site-specific

cleanup goals may be used during rough grading to level the Site surface prior to

construction of the cap. Remaining excess swell material from the implementation of

LDA/ISCR will be handled as IDW and placed into DOT-approved 55-gallon drums or

roll-off bins for temporary storage on the Site, or loaded directly into trucks for off-Site

disposal, once analytical results for profile samples are obtained and the IDW is profiled

for disposal at an appropriate facility. Used PPE and disposable sampling equipment

will also be drummed and managed as IDW.
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Decontamination fluids and other fluids generated during field activities will be handled

as IDW and placed into DOT-approved 55-gallon drums for temporary storage on the

Site until analytical results are obtained and the IDW is profiled for disposal at an

appropriate facility.

A Transportation and Disposal Plan, including maps, for off-Site transportation and

disposal of swell material and other waste materials will be required to manage the

loading, transportation, and disposal of wastes generated during remedial activities. A

Transportation and Disposal Plan was be prepared for the preferred remedial

alternative, and is included as Appendix R.

8.8 HUMAN HEALTH RISK ASSESSMENT FOR SOIL

A Site-specific HHRA for residual concentrations of Cr6+ in soil is not planned. The

SSLs calculated, and cleanup goals adopted, for metals in soil are risk-based values for

the protection of human health and the environment. If cleanup goals for Cr6+ in soil

are not achieved by the preferred remedial alternative, as indicated in Section 8.5.2,

then an HHRA will be performed for the Site.

8.9 HEALTH AND SAFETY PLAN

Kleinfelder will prepare a Site-specific Health and Safety Plan (HASP) to be used

on-Site during LDA/ISCR field activities. The HASP will be submitted to LARWQCB for

review and approval prior to the performance of the proposed remedial field activities.

Occupational Safety and Health Administration (OSHA) Hazardous Waste Operations

(HAZWOPER) training will be required of all personnel engaged in field activities.

Tailgate safety meetings are standard elements of Kleinfelder’s HASPs. The Initial

Draft HASP (Appendix S) specifies that health and safety tailgate meetings will be

required, at a minimum, at the beginning of each work day, and prior to each new

activity.
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8.10 REPORTING

A report documenting pilot testing, LDA/ISCR field activities, confirmation borings,

plates, tables, field logs, analytical results, and other relevant information will be

prepared and submitted to LARWQCB upon completion of RAP implementation. In

addition, one year of quarterly WDR permit compliance reporting will be performed.
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9. PROPOSED REMEDIAL ACTION FOR PCE AND TCE IN SOIL VAPOR

9.1 CONCEPTUAL DESIGN FOR PCE AND TCE IN SOIL VAPOR

Kleinfelder’s proposed remedial alternative for PCE and TCE in the Site vadose zone is

to perform SVE using VPGAC adsorption, with the goal of reducing soil vapor

concentrations of PCE and TCE to the practical limits of the technology.

It is estimated that VOCs in soil vapor extend laterally across most of the Site, as

shown for TCE on Plate 8, and conservatively assumed that this impact extends

vertically to 45 feet bgs (the approximate depth to groundwater beneath the Site). For

the purpose of conceptual design, Kleinfelder has assumed that the effective ROI of a

hypothetical SVE well installed at the Site will be approximately 60 feet, based on

evaluation of available logs of borings and experience with SVE applications in vadose

soil lithologies typical of those beneath the Site. Plate 8 shows the proposed placement

of SVE wells, anticipated ROI of SVE wells, conceptual piping layout, and the proposed

location of the equipment compound. The effective ROI will be assessed during SVE

pilot testing activities, and vapor extraction wells will be installed with an appropriate

spacing based on the pilot test results.

The conceptual design for the SVE system includes the following:

 a 20-foot by 20-foot equipment compound, surrounded by chain-link fencing with

two, 10-foot wide gates, containing green enviroscreen and protected by

permanent and/or removable bollards, to be installed in the parking lot;

 subsurface 2-inch diameter Schedule 40 polyvinyl chloride (PVC) vapor

conveyance pipe, with top of pipe at a depth of approximately 24 inches bgs;

 tracer wire and caution tape to flag trenches;

 bedding sand approximately 12 inches thick;

 a piping manifold consisting of 2-inch diameter Schedule 80 PVC risers, 2-inch

ball valves, sample ports, and 4-inch diameter Schedule 80 PVC manifold

header, which will allow system optimization at the treatment compound;
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 SVE wells as described in Section 9.2;

 SVE unit with blower capable of 500 standard cubic feet per minute (SCFM),

vacuum of 14 inches of mercury minimum, vapor/liquid separator, and two,

2,000-pound VPGAC vessels;

 a piping manifold between VPGAC vessels to allow for the opening/closing of

valves to change the lead VPGAC vessel to lag position and vice versa; and

 installation of piping, conduit, utilities, compound, and equipment in accordance

with applicable codes, ordinances, and regulations.

The above is a conceptual design only, and may require modification based on field

SVE pilot testing and other Site-specific conditions. A final design package will be

prepared following completion of the SVE pilot test.

9.2 INSTALLATION OF SVE WELLS

Initially, one dual-nested SVE well and two dual-nested vacuum observation wells will

be installed at the Site to facilitate the performance of an SVE pilot test. These are

shown on Plate 8, identified as wells VEW-1S/D, OBS-1, and OBS-2.

Once SVE pilot testing is completed and the effective ROI at the Site is calculated,

additional dual-nested SVE wells will be installed. For the purpose of this RAP, it is

assumed that a total of five dual-nested SVE wells (VEW-1S/D, and four additional

unlabeled wells on Plate 8) and two vacuum observation wells (OBS-1 and OBS-2) will

be installed at the Site to facilitate full-scale extraction of soil vapors from the vadose

zone. The SVE wells will be nested, with screened intervals from 5 to 25 feet bgs, and

from 30 to 45 feet bgs. The isolated screened intervals will enable SVE activities to be

focused on targeted depths. Observation wells, OBS-1 and OBS-2, to be used during

SVE pilot testing, will be screened similarly and could be added to the vapor extraction

well network to enhance VOC recovery in the more highly impacted portions of the

vadose zone. Spacing of the SVE wells will be based on results of pilot testing. SVE

wells and vacuum observation wells will be installed under the direct supervision of a

California-registered Professional Geologist.
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Prior to drilling, necessary permits will be obtained and a visit to the Site will be

performed to mark boring locations, evaluate drilling rig accessibility, and identify

overhead hazards. A private utility locating service will be subcontracted, USA will be

notified, and a geophysical survey will be performed to identify detectable subsurface

utilities before initiating drilling. Each proposed wellbore will initially be advanced using

a hand auger or airknife to a depth of approximately 5 feet bgs. Drilling will be

performed with a CME 85 (or comparable) drilling rig using 10-inch OD hollow-stem

augers. Downhole drilling equipment will be high-pressure, hot water washed before

each wellbore is drilled. Sampling equipment will be cleaned in a potable water-

detergent solution and double rinsed in potable water before each sample is collected.

The SVE and observation wells will each be installed to a depth of approximately 45

feet bgs. Proposed well locations are shown on Plate 8. Each well will consist of a dual

completion using 2-inch diameter Schedule 40 PVC casing, installed in borings

advanced using a hollow-stem auger drilling rig employing industry-accepted

methodology. The dual-completed wells will include screened intervals from

approximately 5 to 25 feet bgs and 30 to 45 feet bgs, using 0.020-inch slotted casing for

the screened intervals. A filter pack consisting of screen-washed No. 2/12 Monterey

sand (or equivalent) will be placed from total depth to approximately 2 feet above the

top of the well screen. A 2-foot thick layer of bentonite chips will be placed on top of the

sand filter pack of the lower screened interval (and below the upper screened interval)

to seal the annular space between the lower and upper filter pack intervals. A 3-foot-

thick layer of hydrated bentonite chips will be placed on top of the upper sand filter pack

as a seal, and the interval from the top of the bentonite chips to 2 feet bgs will be

sealed with bentonite/cement grout. Each well will be completed at the ground surface

with a traffic-rated well vault set in concrete. A well construction diagram depicting the

proposed construction of the SVE wells is presented on Plate 9.

The boreholes will be logged by a geologist or engineer under the supervision of a

California-registered Professional Geologist. Soil will be classified in general

accordance with visual procedures as provided for by the United Soil Classification

System (USCS) per ASTM International (ASTM) Designation D 2488-93.
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9.3 SVE PILOT TESTING

Prior to SVE pilot testing, a SVE Pilot Test Workplan will be prepared. The workplan

will summarize the field procedures for a 1-day pilot test, the testing schedule, and the

data proposed for collection. The workplan will be submitted to LARWQCB for approval

prior to performing the pilot test. The purposes for the SVE pilot test will be to confirm

the 60-foot ROI used to develop the conceptual SVE system, and to collect Site-specific

performance data to be used in the final SVE system design.

During the 1-day SVE pilot test, vacuum step testing and constant rate testing will be

performed, using the dual-completed vapor extraction well (consisting of wells VEW-1S

and VEW-1D) for vapor extraction, and the two dual-completed observation wells

(consisting of wells OBS-1S, OBS-1D, OBS-2S, and OBS-2D) as vacuum observation

points. A mobile SVE system including blower, having a various locations permit from

SCAQMD, will be used to perform the SVE pilot test. The SVE unit will be operated,

monitored, and sampled in accordance with the requirements of the SCAQMD permit. An

electrical generator may provide temporary power for operation of the SVE unit, to

eliminate the need for on-Site power, although if an adequate local power supply is

available it will be used. Flexible hoses will connect the blower to the extraction wells.

Magnehelic™ gauges will be connected to the blower, extraction wells, and observation

points to monitor vacuum readings. In addition, flow and temperature measurements will

be monitored and recorded.

Soil vapor samples will be collected at various times, frequencies, and locations during

the SVE pilot test. Vapor samples will be analyzed for PCE and TCE in accordance with

US EPA Method TO-15.

Data collected during the SVE pilot test will be used to calculate mass removal rates,

ROI, and achievable flow rates to facilitate a final remedial system design. Normalized

plots of induced vacuum versus distance to observation wells, and an airflow model will

be used to estimate the effective ROI at the Site. A simple airflow model will be

constructed to estimate vapor velocities and assess the maximum well spacing that will

meet the vapor velocity criteria.
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9.4 SVE SYSTEM DESIGN PACKAGE

An SVE system design package will be prepared, and will consist of:

 a drawing schedule;

 a Site plan showing vapor extraction wells, piping layout, and compound location;

 trench details for subsurface conveyance piping;

 trench details for subsurface conduit and utilities;

 a process and instrumentation diagram (P&ID) depicting the remedial system

components, piping, utilities, controls, process information, and other relevant

information;

 an equipment compound detail for fence with gates, safety barriers, equipment

layout, manifold location, utility stub-ups, power pole, eyewash station and fire

extinguisher, permit posting location, and warning and contact signage;

 construction notes;

 specifications for trenching, subsurface PVC piping and conduit installation,

trench backfilling, soil compaction, asphalt and concrete, trench bedding

material, waste disposal, utilities, and other relevant specifications; and

 specifications for the blower, vapor/liquid separator, VPGAC vessels and

manifolding, VPGAC, and filters.

The design package will be submitted to LARWQCB for review and approval.

9.5 PERMITTING OF SVE SYSTEM

Prior to system installation, applicable permits for the installation and operation of the

SVE system will be obtained from the City of Los Angeles Planning, and Building and

Safety Departments, and the local fire authority. In addition, an air permit for operation

of the remedial system will be obtained from SCAQMD. Utility permits will be obtained,

and inspections will be scheduled, as required.
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Required permits are summarized below:

 SCAQMD air discharge permit for the SVE unit;

 City of Los Angeles Planning Department permit;

 City of Los Angeles Building and Safety Department permit, which will include

review of mechanical, plumbing, and electrical plans; and

 electrical permit.

Typical SCAQMD Site-specific permit application processing can require from 4 to 6

months, even when using the expedited permitting process. The possible use of a

vendor with various-location permitted equipment would enable sooner mobilization to

the field, and more time-efficient achievement of remedial goals for VOCs in soil and

soil vapors.

The City of Los Angeles will perform a plan check for compliance with planning and

zoning requirements; and mechanical, plumbing, and electrical codes. A permit will be

obtained from the City of Los Angeles Department of Water and Power for electrical

service, and from the City of Los Angeles Building and Safety Department. The City of

Los Angeles Fire Department will also be contacted for permitting requirements, but

none are expected to be necessary.

A City of Los Angeles Department of Water and Power planner will be contacted to

identify a power source for the operation of the SVE unit that will be capable of

delivering adequate power supply to the treatment compound. Electrical plans will be

prepared and submitted, along with plan check fees, by a licensed electrician.

Electrical line design and installation will be performed in accordance with applicable

codes, ordinances, and regulations. City of Los Angeles Department of Water and

Power will provide plan check and inspections, as required, for electrical design

drawings and installation. Electrical power supply will be brought from a nearby

transformer and installed sub-grade to the equipment compound.
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9.6 INSTALLATION OF SVE SYSTEM

This subsection describes the conceptual installation of the subsurface piping and

equipment compound, and the installation and shakedown of remediation equipment

specified for the project. The system installation requirements may change based on

SVE pilot testing.

A Site visit will be performed prior to subsurface piping and conduit installation to mark

the proposed trench locations. USA will be contacted to clear public utilities. A private

underground geophysical locator will be subcontracted to identify potential underground

utilities, pipes, and other subsurface features that may be damaged if not identified

prior to initiating work. In addition, Kleinfelder will implement subsurface clearance

procedures, including the use of an air knife or manual probing, and other standard

protocols, to minimize the potential for encountering subsurface features during

intrusive work.

The installation of the SVE system and equipment will be performed in accordance with

applicable codes, ordinances, and regulations.

Subsurface vapor conveyance piping will be sized based on field pilot testing results.

Individual conveyance lines will connect the vapor extraction wells to the manifold in the

equipment compound. Piping integrity testing will be performed prior to trench

backfilling to assess proper installation of piping. Trenches will be approximately 3 feet

deep, with bedding sand placed a minimum of 4 inches below and above the piping,

and a minimum of 2 inches to either side of the trench walls. The remainder of the

trenches will be backfilled with trench spoils where feasible to minimize off-Site disposal

and soil import costs. Surface completions will match the surrounding asphalt or

concrete, as appropriate.

Compaction testing will be performed during trench backfilling operations to document

the percent compaction achieved. A minimum 90-percent relative compaction using

ASTM Designation D 1557 will be achieved. A compaction test report will be prepared.
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Tracer wire and caution tape will be placed approximately 12 inches below grade to

outline and protect subsurface piping. The Schedule 40 PVC pipe will transition to

Schedule 80 PVC pipe for above-grade manifold piping at the equipment compound to

provide increased strength and ultraviolet (UV) light resistance above grade. The vapor

conveyance piping stub-ups in the equipment compound at the manifold will consist of

2-inch diameter Schedule 80 PVC risers, each with a 2-inch ball valve and

sample/testing port. The main manifold header will consist of 4-inch diameter Schedule

80 PVC pipe with quick disconnects.

Excess soil cuttings derived from trench excavations will be placed in on-Site roll-off

bins and properly disposed after profile characterization. Decontamination water will be

contained in 55-gallon, DOT-rated steel drums, and stored on Site pending

characterization and off-Site disposal.

The equipment compound will be located as shown on Plate 8. A 6-foot high screened

chain-link fence, protected by permanent and/or removable steel bollards, will be

constructed. A concrete pad will be constructed for the compound floor. Two, 10-foot-

wide swing gates will be installed in the fencing of the compound.

A trailer- or skid-mounted 500-SCFM SVE blower (to be checked by pilot testing),

filters, vapor/liquid separator, and VPGAC vessels will be installed in the equipment

compound. The specific configuration of the equipment within the compound will be

developed once pilot testing is completed and equipment sizing is finalized. Once

equipment is offloaded and placed, Seismic Zone 4 tie-downs will be connected, if

necessary. The contractor will make connections between the manifold piping and the

inlet to the vapor/liquid separator. Piping connections will be made between equipment

components; however, equipment specifications will require that equipment connections

between components be made prior to shipment, whenever practical. Connections will

be made from the electrical panel to the equipment motors, and from equipment to

electrical grounding rods.
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9.7 REMEDIATION SYSTEM START-UP AND MONITORING

Prior to initiating start-up of the SVE system, an O&M manual will be prepared for the

Site, including the following components:

 table of contents

 signature page

 contacts

 operating permits

 start-up, shutdown, and emergency shutdown procedures

 routine operations, inspections, and monitoring, complete with frequencies

 rebound testing procedures

 a Site plan with piping layout, vapor extraction wells, and equipment

 detailed P&ID

 critical equipment list

 monitoring logs

 maintenance logs

9.8 SVE SYSTEM OPERATIONS AND MAINTENANCE

O&M visits will be performed daily during the first week of SVE system operation, and

monitoring and/or sampling will be performed in compliance with SCAQMD permit

requirements. O&M Site visits will occur weekly after the first week of operation.

An effluent vapor sample will be collected for analytical laboratory analysis in

accordance with US EPA Method TO-15 during the first week of operations. This

sample will be collected as soon as the SVE system has stabilized, in accordance with

the SCAQMD permit, to ensure compliance.
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The SVE remediation system will be operated continuously, with a vacuum blower

extracting soil vapors from SVE wells, except for periods of regularly scheduled

maintenance. System operations will be monitored in accordance with the SCAQMD

permit. System effluent concentrations will be monitored using a PID calibrated to

hexane. The system’s influent concentrations will also be monitored to assess

remediation progress and for permit compliance reporting. Influent and effluent

samples will be collected on a monthly basis, and select vapor extraction well samples

will be collected on a quarterly basis using Summa canisters, glass bulbs, or syringes.

These samples will be delivered, under chain-of-custody procedures, to a California

State-certified laboratory for analysis of PCE and TCE per US EPA Method TO-15 (or

equivalent).

Periodic maintenance will be performed on equipment components per the

manufacturer's recommendations. Condensate collected by the water knock-out will be

drained as necessary and temporarily stored on Site along with any extracted

groundwater. The condensate will be disposed of in accordance with applicable

protocols, and waste disposal manifests will be submitted with each progress report to

LARWQCB.

9.9 SVE SYSTEM SHUTDOWN

The operation of the SVE system will be terminated when the practical limits of the SVE

technology have been achieved. The practical limits of SVE technology will be

demonstrated as follows:

1. During SVE system operation, the extracted soil vapors, and individual SVE well

screened intervals, will be sampled (using Summa® canisters, glass bulbs, or

syringes) and analyzed for total PCE and TCE on day 1 and monthly thereafter.

2. Weekly monitoring of the VOCs concentrations in vapors using a PID, at the

influent to the SVE system and at individual SVE wells will be performed.

3. When four successive weekly vapor samples indicate that VOC concentrations

have reached asymptotic conditions (i.e., the concentration difference between

successive sampling events is negligible, and the total PCE and TCE

concentrations are approaching de minimis values), the SVE system will be

switched to pulse operation.
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4. During pulse operation the SVE system will be shut down for 2 weeks.

5. Following the system shutdown, Kleinfelder proposes to re-start the system and

collect influent samples at the following frequencies: 1 day, 7 days, and every 2

weeks until two consecutive concentrations are at non-detect or asymptotic

levels for PCE and TCE.

6. When the weekly monitoring indicates that VOC vapor concentrations measured

with a PID have again reached asymptotic levels, the system will be shut down

for another 2-week interval and the pulse operation cycle repeated.

7. The VOC vapor concentrations measured with a PID on day 1 of the SVE

system startup and day 1 of each of the pulse operation cycle will be plotted.

8. This pulse operation will continue until the day-1 VOC vapor concentrations

measured with a PID and PCE and TCE concentrations measured in a

laboratory have reached asymptotic conditions. This will be considered to be the

practical limits of the SVE technology.

9.10 HUMAN HEALTH RISK ASSESSMENT FOR PCE AND TCE IN SOIL

CHHSLs may not be achievable in the shallow vadose zone; therefore, it is proposed to

remove PCE and TCE from the subsurface to the practical limits of the applicable SVE

technology here described. A soil vapor survey will be conducted in the shallow vadose

zone following shut down of the SVE system. Results of the soil vapor survey will be

used to conduct an HHRA for the intended Site re-use. The HHRA will estimate the

incremental lifetime cancer risks and non-cancer hazard that may be associated with

PCE and TCE in soil vapor.

The HHRA will be prepared in general accordance with the following guidance

documents:

 Supplemental Guidance for Human Health Multimedia Risk Assessments of

Hazardous Waste Sites and Permitted Facilities. State of California,

Environmental Protection Agency, Department of Toxic Substances Control,

Sacramento, California. July, reprinted September 1993, corrected and

reprinted August 1996.
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 Risk Assessment Guidance for Superfund (RAGS), Volume 1: Human Health

Evaluation Manual (Part A) (Interim Final), USEPA 1989.

 Interim Final Guidance for the Evaluation and Mitigation of Subsurface Vapor

Intrusion to Indoor Air. Department of Toxic Substances Control, California

Environmental Protection Agency, Sacramento, California. December 15.

Revised February 7, 2005.

 RAGS, Volume 1: Human Health Evaluation Manual Supplemental Guidance –

“Standard Default Exposure Factors” (Interim Final), Publication 9285.7-01B,

USEPA 1991.

 Guidelines for Data Usability in Risk Assessment (Part A). Office of Solid Waste

and Emergency Response, Publication OSWER9285.7-09A, USEPA 1992.

 Exposure Factors Handbook, Volumes I, II, and III, USEPA 1997a.

 RAGS, Volume I: Human Health Evaluation Manual (Part D, Standardized

Planning, Reporting and Review of Superfund Risk Assessments). Office of

Emergency and Remedial Response, Washington, DC, USEPA 2002a.

 Human Health Toxicity Values in Superfund Risk Assessments. OSWER 9285.7-

53.

 RAGS, Volume I: Human Health Evaluation Manual (Part E: Supplemental

Guidance for Dermal Risk Assessment) Final, USEPA 2004a.

 National Oil and Hazardous Substances Pollution Contingency Plan, Final Rule.

40 CFR Part 300. USEPA. 1990.

 Role of the Baseline Risk Assessment in Superfund Remedy Selection

Decisions. OSWER Directive 9355.0-30. Office of Solid Waste and Emergency

Response, U.S. Environmental Protection Agency. Washington DC. April 22.

USEPA 1991.
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9.11 ENGINEERING CONTROLS

The SVE system will be operated until the practical limitations of the technology here

described have been demonstrated. A soil vapor survey will be conducted in the

shallow vadose zone following shutdown of the SVE system. See SVE System

Shutdown, Section 9.8, for the protocol used to determine the practical limits of the SVE

technology. Results of the soil vapor survey will be used to conduct an HHRA for the

intended Site re-use. The need for implementation of active or passive vapor

mitigation, if necessary, will be considered based on results of the HHRA.

9.12 SPILL CONTINGENCY PLAN

A Spill Contingency Plan was prepared to provide general guidance for spill response

activities that may be required to address hazardous materials that may be encountered

during the implementation of the LDA/ISCR, or other remedial activities. A Spill

Contingency Plan is included as Appendix T.

9.13 HEALTH AND SAFETY PLAN

Kleinfelder will prepare a Site-specific HASP during VOC remediation field activities,

including drilling, well construction, subsurface piping installation, utilities installation,

and compound construction. The HASP will be submitted to LARWQCB for review and

approval prior to the performance of the planned field activities. OSHA HAZWOPER

training will be required of all personnel engaged in field activities. An initial draft HASP

is in Appendix S.

9.14 SVE SYSTEM REPORTING

A 30-Day Start-up Report will be submitted to SCAQMD within 45 days of

commencement of SVE system operation, as this is a typical SCAQMD permit

requirement. A description of the remedial system will be presented in a “Remedial

System Installation and Start-up Report,” which will be completed following remedial

system installation and initiation of remedial system operations. Remediation progress

reports will be submitted to LARQWCB on a quarterly basis. The closeout report will be

submitted to the LARWQCB upon completion of SVE activities.
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9.15 SVE SYSTEM WASTE MANAGEMENT

IDW, including drill cuttings, wash water, and excavated soil generated during SVE well

installation and subsurface piping installation activities, and condensate from the

vapor-liquid separator in the equipment compound, will be placed in DOT-approved

55-gallon drums and temporarily stored on Site pending results of laboratory analyses.

After profiling, IDW will be transported from the Site for disposal at an appropriate

permitted facility. The carbon supplier will require sampling and profiling of spent

VPGAC prior to transporting it off-Site for regeneration or disposal.
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10. PROPOSED BUILDING SURVEY, ABATEMENT AND DEMOLITION

Prior to demolition of the current Site building, an HBMS will be performed. The HBMS

will be conducted according to a workplan that will be submitted to LARWQCB following

approval of the RAP by LARWQCB. Based on the results of the HBMS, abatement

specifications will be prepared and the hazardous materials within the building will be

abated, demolition permits for the building will be acquired, and building demolition will

be performed. A flowchart showing the sequencing of HBMS and demolition activities

is included herein.

Building demolition will also include excavation and removal of a clarifier as discussed

further below. A separate workplan will be prepared for this task, and submitted to

LARWQCB.

10.1 HAZARDOUS BUILDING MATERIALS SURVEY

The purpose of the HBMS is to evaluate the presence, location, and quantity of

accessible suspected hazardous building materials present in the Site structure that

may represent a potential worker safety hazard if disturbed and/or may require special

handling and/or disposal as hazardous waste as part of planned building demolition.

Building materials to be surveyed will include suspect asbestos-containing materials

(ACMs); suspect lead-based paint (LBP) and lead-containing paints (LCP);

polychlorinated biphenyl (PCB)-containing oils; fluorescent light fixture ballasts;

mercury-containing fluorescent light tubes and thermostats; and chlorofluorocarbon

(CFC)-containing refrigerants. The HBMS will be performed in accordance with

appropriate regulatory guidance documents.

10.2 HAZARDOUS BUILDING MATERIALS PERMITTING AND ABATEMENT

A performance-based Asbestos and Lead-Based Paint Abatement Specification will be

prepared subsequent to the HBMS and prior to initiation of abatement activities.

Notification to Cal-OSHA, SCAQMD, and other appropriate regulatory agencies will be

provided prior to hazardous building material abatement activities.
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10.3 WASTE MANAGEMENT

Regulatory oversight for removal and disposal of waste materials is typically provided

by a variety of Federal and State agencies. Wastes will be labeled, placarded, and

transported per Code of Federal Regulations (CFR) 49. Waste disposal will be

performed in accordance with the regulations described below:

 Title 22 (CCR Title 22);

 40 CFR Part 761;

 40 CFR Part 82.161;

 Land Disposal Restrictions.

10.4 REPORTING

A closure report documenting results of surveys and assessments, abatement activities,

demolition, and disposal of hazardous building materials will be prepared for the

project.

10.5 HBMS HEALTH AND SAFETY PLAN

A Site-specific HASP will be prepared by a qualified environmental professional. The

HASP will include measures to protect Site workers and the general public by including

engineering controls, monitoring, and security measures to limit unauthorized entry to

the construction area, and reduce hazards outside it. Contractors would be required to

have appropriate HAZWOPER training to work on the Site. A Contingency Plan

specific to asbestos and LBP that may be encountered during abatement or demolition

activities will be prepared with closure report and abatement specifications.

10.6 BUILDING DEMOLITION

The building at the Site, including remaining equipment, clarifier, and utilities, will be

demolished in general accordance with Federal, State, and local guidelines.

Appropriate County and local permits will be obtained prior to demolition. In addition,

building demolition wastes will be disposed of in accordance with Federal, State, and

local regulations. Prior to building demolition, a State of California-licensed abatement
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contractor will be retained to remove ACMs and asbestos-containing construction

materials (ACCMs), chipping and peeling LBP (i.e., in fair or poor condition), and other

potentially hazardous materials (PCBs, mercury, and CFCs) from Site structures.

10.6.1 General Building Demolition Scope of Work

Demolition work will be performed in accordance with Cal OSHA, SCAQMD 403, and

other relevant regulations. A summary of the general sequence for demolition activities

is included below:

 performance of an HBMS;

 preparation of abatement specifications;

 abatement of hazardous materials;

 pre-construction activities such as permitting and public notification;

 mobilization;

 utility abandoning, moving, or isolation;

 demolition of the existing building; and

 loading, transporting, and disposing of building demolition debris at a licensed

facility.

A flowchart showing the sequencing of HBMS and demolition activities can be found in

Appendix U.

10.6.2 Health and Safety of Personnel

A HASP will be prepared for demolition activities, with the goal of preventing injury and

accidents. The contractor will be responsible for providing a safe work environment for

employees, subcontractors, and visitors to the Site. A safe working environment can

only be achieved by a coordinated effort by all employees and subcontractor personnel.

If a task cannot be performed in a safe manner, demolition activities will be stopped,

and modifications to the HASP and working procedures will be made prior to re-starting

work.
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Daily tailgate meetings for contractor employees and subcontractors will be held prior to

commencement of work activities, prior to a change in work activities, and as needed.

These meetings are designed to discuss potential hazards associated with the work

activities, emergency procedures, and the location and directions to the nearest

hospital. Daily safety meeting logs will be maintained on Site at all times, and personnel

attending the safety meetings will be required to sign the safety-meeting log to

acknowledge attendance at tailgate safety meeting.

10.6.3 Concrete Slab and Footings Removal

Concrete demolition will consist primarily of removal of the building slab and footings.

An excavator and appropriate support equipment will be used to demolish the concrete

slab to grade elevation. Concrete debris will be handled, stockpiled, profiled, loaded,

transported and disposed as appropriate.

The condition of sub-slab soils will be observed and documented following building

demolition activities. Soil samples will be collected from areas of obvious discoloration,

staining, pooling of liquids, precipitation of plating solutions, or other indications of

possible contamination. Soil sampling, once the slab has been removed, is anticipated

to be limited, because soil samples were collected from a depth of 1 foot from 37 of the

soil borings advanced at the former Excello facility during the assessments performed

by Ceres Associates at the Site in 2006 (Ceres Associates, 2006a/2006b).

10.6.4 Demolition Debris Transportation and Disposal

Demolition debris not recycled by the Contractor will be loaded into end dump trucks

and hauled to an appropriate disposal facility. Trucks will be covered prior to leaving the

Site. In accordance with California Assembly Bill 75, when possible, demolition debris

will be diverted from landfills by recycling and re-use. Demolition debris will be hauled

to licensed disposal facilities permitted to accept the generated demolition debris.
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10.6.5 Dust Abatement

Dust abatement will be implemented throughout demolition activities. Contractors will

use a water truck and/or fire hose attached to a local hydrant to reduce the amount of

dust generated during demolition operations. When necessary, a localized water spray

will be applied at the source of demolition activities. Water spray will be used only

when necessary to minimize the likelihood of runoff from the Site, as well as to reduce

the occurrence of mud being tracked from the Site to surrounding streets. A backflow

device will be installed at the hydrant locations utilized.

10.7 CLARIFIER REMOVAL

The three-stage clarifier located adjacent to the southern end of the Excello building will

require removal as part of remedial activities. This task will include the following:

10.7.1 A Site visit for pre-excavation Site activities:

10.7.1.1 Mark Site and clarifier location for USA notification;

10.7.1.2 Site reconnaissance with excavation subcontractor;

10.7.1.3 Collect liquid and sediment samples from clarifier for pre-

disposal waste characterization as required by the receiving

facility.

10.7.2 Mobilize to the Site with subcontractor to pump-out the clarifier contents (if

any) and subsequent rinsate liquids for off-Site disposal.

10.7.3 Excavate the clarifier and abandon in-place the lateral sewer line entering

and exiting the clarifier by cutting and capping the lateral at the edge of

the clarifier excavation.

10.7.4 Collect two confirmation soil samples from approximately 1 to 2 feet

beneath the clarifier and submit the sample to a laboratory for the

following analyses:

10.7.4.1 pH by US EPA Method 150.1/9045C

10.7.4.2 VOCs by US EPA Method 8260C

10.7.4.3 CCR Title 22 Metals by US EPA Methods 6010B/7471A

10.7.4.4 Cr6+ per US EPA Method 7199
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10.7.5 Over-excavate impacted soil beneath the clarifier to a maximum depth of

4 feet below the clarifier, after which Kleinfelder will consider the use of

LDA/ISCR.

10.7.6 After clarifier removal and post-excavation confirmation sampling, the

environmental subcontractor will backfill the excavation with fill material up

to a level consistent with the surrounding surface grade.

A clarifier removal report will be prepared, containing the following:

 summary of geophysical survey of utilities, clarifier removal, field procedures;

and post-excavation confirmation sampling analytical results;

 photographs of clarifier removal activities;

 waste disposal manifests; and

 key findings and recommendations for additional work, if any.

10.8 HBMS AND BUILDING DEMOLITION COSTS

The estimated costs for performing the HBMS and building demolition are

approximately $240,000. These costs are preliminary, and may vary depending upon

the results of the HBMS, quantity of hazardous materials identified and costs for

abatement; and unknown costs due to unexpected utilities, construction debris costs,

and a variety of other factors.
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11. QUALITY ASSURANCE/QUALITY CONTROL

Quality Assurance/Quality Control (QA/QC) procedures are intended to provide

reasonable assurance that field sampling techniques are performed correctly and

consistently, cross-contamination of samples during transport does not occur, proper

analytical laboratory testing procedures and protocol are used, and analytical laboratory

results are repeatable. The QA/QC procedures may involve collection of field and

laboratory QA/QC samples, and performance of data review, verification, and

validation. The QA/QC task-specific procedures will be established in future workplans

for LDA/ISCR and SVE pre-field activity and RAP implementation tasks.
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12. PUBLIC PARTICIPATION

The goal of public participation activities for this project will be to educate and involve

the public in agency approved activities; document issues and concerns the community

surrounding the Site may have; and facilitate dialogue between the community, the

LARWQCB, Cal/EPA, and the US EPA regarding proposed remedial activities to be

performed at the Site. Kleinfelder will coordinate with LARWQCB and US EPA to

develop the materials to be distributed and presented to the community. Public

participation will be part of the overall remedial action process, and will include:

 preparing a community profile;

 preparing a Fact Sheet for the proposed remedial action to be performed at the

Site;

 publishing a notice of the availability of the RAP for public review and comment

in local newspapers or similar publications, through postings, and through postal

mail;

 providing the RAP and other supporting documents to the local public library;

and

 documenting public comments received regarding the RAP. Kleinfelder

understands that LARWQCB will perform this task.

The community profile will be prepared prior to submitting the notifications for the public

meetings planned for the project. The profile will include the following information:

 population affected by the remedial actions;

 demographic and educational composition of the population affected;

 local business and industry; and

 local hospitals, health care facilities, and schools.
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A copy of the RAP will be made available to the public for a minimum of 30 days. A

notice alerting the community to the availability of the RAP will be published in a local

newspaper with general circulation in the vicinity of the Site and notices may be posted

in the Site’s neighborhood. Additionally, owners of properties contingent to the Site will

be provided notice by postal mail. At least one public meeting will be coordinated to

provide the community the opportunity to learn about the project and make comments

or provide concerns related to the proposed remedial action. The RAP will be made

available at the following and/or other applicable locations, based on Kleinfelder’s

coordination with LARWQCB:

Glendale Public Library
222 East Harvard Street,
Glendale, CA
(818) 548-2020

Once the public comment period is completed, LARWQCB will review and respond to

the comments as appropriate. Responses to comments will be amended to the RAP. If

significant changes to the RAP are required, as determined by the LARWQCB, it will be

revised and resubmitted for public review and comment.



101942/IRV10R214 Page 123 of 133 September 30, 2010
Copyright Kleinfelder 2010

13. SCHEDULE

Upon LARWQCB’s approval of this RAP and transfer of the Site to the prospective

purchaser, remedial activities will be initiated. It is expected that the permitting and

implementation of the LDA/ISCR portion of the project will require approximately 6 to 9

months. It is anticipated the permitting and implementation of the SVE portion of the

project will require approximately 15 to 18 months. The schedule attached as Appendix

V, and the task list provided below are based on Kleinfelder’s present understanding of

the project, permitting, and contractor availability. Note that SVE may be performed

concurrently elsewhere on the Site while LDA/ISCR remediation is performed in the

areas with Cr6+ concentrations exceeding the Site-specific Cr6+ cleanup goal.

Key milestones for the LDA/ISCR portion of the project, together with time estimates for

their implementation, are listed below. A more comprehensive schedule is included as

Appendix V. As described in the schedule, certain legal tasks prerequisite to transfer

title of the property to the prospective purchaser will be performed between approval of

the RAP and change of ownership. Therefore, an updated schedule will be prepared

upon initiation of remedial activities. The various RAP implementation activities

discussed herein have been numbered for ease of reference in future discussions

regarding the Site. The project schedule will be updated with each RAP implementation

task workplan.
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13.1 CONCEPTUAL LDA/ISCR PRE-FIELD ACTIVITIES

13.1.1 WDR Permitting (to begin immediately following submittal of RAP) – 2 to 3 months

(with task scope described in Section 8.4)

13.1.2 HMBS and Reporting – 4 to 6 weeks (with task scope described in Section 10)

13.1.3 HBMS Specifications Preparation and Bidding – 4 weeks (with task scope

described in Section 10)

13.1.4 SCAQMD Notification – 2 weeks (with task scope described in Section 10.2)

13.1.5 LDA/ISCR and SVE Pilot Test Workplan Preparation – 4 weeks (with task scope

described in Section 8.2)

13.1.6 Agency LDA/ISCR and SVE Pilot Test Workplan Approval – 4 weeks

13.1.7 LDA/ISCR Design Package Preparation – 4 to 6 weeks (with task scope described

in Section 8.2)

13.1.8 LDA/ISCR Implementation Workplan – 4 weeks (with task scope described in

Section 8.5)

13.1.9 Agency LDA/ISCR Implementation Workplan Approval – 4 weeks

13.1.10 Engineered Cap Design – 2 months (with task scope described in Section

8.3.1)

13.1.11 Cap Installation and Maintenance Plan – 4 weeks (with task scope

described in Section 8.3)

13.1.12 Cap Installation and Maintenance Plan Approval – 4 weeks
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13.2 CONCEPTUAL LDA/ISCR RAP IMPLEMENTATION

13.2.1 Hazardous Building Materials Abatement – 4 weeks (with task scope described in

Section 10)

13.2.2 HBMS Closeout Documentation – 2 to 4 weeks (with task scope described in

Section 10.4)

13.2.3 Building Demolition Permitting and Implementation – 4 to 6 weeks (with task scope

described in Section 10.6)

13.2.4 LDA Rig and Equipment Mobilization – 4 to 6 weeks (with task scope described in

Section 8.5)

13.2.5 LDA/ISCR Field Pilot Test – 3 to 4 weeks (with task scope described in Section

8.5)

13.2.6 LDA/ISCR Field Implementation – 6 to 7 weeks (with task scope described in

Section 8.5)

13.2.7 LDA Rig and Equipment Demobilization and Site Restoration – 3 to 5 weeks (with

task scope described in Section 8.5.3)

13.2.8 Engineered Cap Installation – 4 to 6 weeks (with task scope described in Section

8.5)

13.2.9 LDA/ISCR Closeout Reporting – 2 months (with task scope described in Section

8.10)

Key milestones for the SVE portion of this project are listed below, together with time

estimates for their implementation. A more detailed schedule will be prepared upon

project initiation.
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13.3 CONCEPTUAL SVE PRE-FIELD PILOT TESTING AND DESIGN ACTIVITIES

13.3.1 SVE Pilot Test Workplan Preparation – 4 to 6 weeks (with task scope described in

Section 9.3)

13.3.2 Install SVE Pilot Test Wells – 3 weeks (with task scope described in Section 9.2)

13.3.3 SVE Pilot Test and Calculations – 3 weeks (with task scope described in Section

9.3)

13.3.4 SVE System Design – 3 weeks (with task scope described in Sections 9.3 and 9.4)

13.3.5 SVE System Permitting – 3 to 4 weeks (with task scope described in Section 9.5)

13.4 CONCEPTUAL SVE RAP IMPLEMENTATION

13.4.1 Install SVE Wells, Piping, and SVE System – 2 months (with task scope described

in Sections 9.2 and 9.6)

13.4.2 SVE System Start-Up – 2 weeks (with task scope described in Section 9.7)

13.4.3 SVE System O&M – 12 months (with task scope described in Section 9.8)

13.4.4 Rebound testing – 2 months (with task scope described in Section 9.9)

13.4.5 Closeout Reporting – 2 months (with task scope described in Section 9.14)

13.4.6 Preparation of an HHRA for residual concentrations of PCE and TCE in soil vapor

– 2 months (with task scope described in Section 9.10)
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14. LIMITATIONS

This work was performed in a manner consistent with that level of care and skill

ordinarily exercised by other members of Kleinfelder’s profession practicing in the same

locality, under similar conditions, and at the date the services are provided. Our

conclusions, opinions, and recommendations are based on a limited number of

observations and data. We have, however, satisfied ourselves that the quantity and

nature of the existing observations and data are appropriate in our professional opinion

to support our work per the standard of care to which we adhere. It is possible that

conditions could vary between or beyond the data evaluated. Kleinfelder makes no

other representation, guarantee, or warranty, express or implied, regarding the services,

communication (oral or written), report, opinion, or instrument of service provided.

This document may be used only by Kleinfelder’s Client, and only for the purposes

stated for this specific engagement within a reasonable time from its issuance, but in no

event later than 2 years from the date of the document. The foregoing notwithstanding,

this document may be submitted by The Spirito Family Trust to LARWQCB in

accordance with LARWQCB’s requirements. However, by this action, no rights of

reliance are granted to The Spirito Family Trust. Non-commercial, educational, and

scientific use of this report by regulatory agencies is regarded as a "fair use" and not a

violation of copyright.

It should be recognized that definition and evaluation of geologic and environmental

conditions comprise a difficult and inexact science. Judgments leading to conclusions

and recommendations are generally made with incomplete knowledge of the

subsurface conditions present due to the limitations of data from field studies. Although

risk can never be eliminated, more-detailed and extensive studies yield more

information, which may help understand and manage the level of risk. More extensive

studies, including subsurface studies or field tests, may be performed to reduce

uncertainties.
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During the course of the performance of Kleinfelder's services, hazardous materials

may be discovered. Kleinfelder assumes no responsibility or liability whatsoever for any

claim, loss of property value, damage, or injury that results from pre-existing hazardous

materials being encountered or present on the Site, or from the discovery of such

hazardous materials. Nothing contained in this document should be construed or

interpreted as requiring Kleinfelder to assume the status of an owner, operator, or

generator, or person who arranges for disposal, transport, storage, or treatment of

hazardous materials within the meaning of any governmental statute, regulation, or

order. The Client/owner is solely responsible for directing notification of all

governmental agencies, and the public at large, of the existence, release, treatment, or

disposal of any hazardous materials observed at the Site, either before or during

performance of Kleinfelder's services.

Health-based screening evaluations, such as the J&E Model, are subject to limitations

imposed by the scientific information available at the time of the assessment. The work

described in this document is not designed to quantify or identify all potential risks to

human health that might be associated with the chemical releases at the Site. The

work also does not provide a guarantee regarding the amount of risk at the Site. Risks

quantified reflect only the CSM and exposure pathways identified in the document. In

addition, risk estimates may change as new scientific or technical information becomes

available that may modify the CSM, exposure assessment parameters, and toxicity

values. Other risk assessment professionals may reasonably employ different

approaches and methods to those described herein.
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Table 1
Comparative Evaluation of Remedial Alternatives

Evaluation Criteria

1

No Further Action

2a

LDA Mixing/ISCR using CaSx
with Engineered Cap

2b

LDA Mixing/ISCR using FeSO4

with Engineered Cap)

3

Excavation and Off-Site Disposal

4

Capping Site

E
f
f
e
c
t
i
v
e
n
e
s
s

Protective of
Human Health and
the Environment

 Not protective of human health and
the environment;

 Would not achieve the regulatory-
/risk-based clean-up goals
developed for the Site.

 Rank - 0

 Protective of human health and the
environment;

 Would achieve the regulatory-/risk-
based clean-up goals developed for
the Site.

 Rank - 4

 Protective of human health and
the environment;

 Would achieve the regulatory-
/risk-based clean-up goals
developed for the Site.

 Rank - 4

 Protective of human health and the
environment;

 Would achieve the regulatory-/risk-
based clean-up goals developed
for the Site.

 Rank - 4

 Protective of human health and the
environment;

 Would not achieve the regulatory-
/risk-based clean-up goals developed
for the Site.

 Rank - 2

Reduction of
Toxicity, Mobility, or
Volume via
Treatment

 Does not reduce toxicity, mobility,
or volume of COCs.

 Rank - 0

 Reduces toxicity,and mobility of
COCs in soil by: 1) reducing Cr

6+
to

Cr
3+

; 2) stabilizing soil and reducing
mobility; and 3) further reducing
mobility by inhibiting surface water
infiltration by installation of an
engineered cap.

 Rank - 4

 Reduces toxicity and mobility of
COCs in soil by: 1) reducing Cr

6+

to Cr
3+

; 2) stabilizing soil and
reducing mobility; and 3) further
reducing mobility by inhibiting
surface water infiltration by
installation of an engineered cap.

 Rank - 4

 This alternative reduces the toxicity,
mobility, and volume of COCs on
site because impacted material is
removed, however the impacted soil
is only moved from one location to
another.

 Rank - 3

 Reduces the mobility of COCs by
reducing infiltration of surface water,
but, does not reduce toxicity or
volume.

 Rank - 2

Short-Term
Effectiveness

 Not applicable because does not
require action.

 Rank - 0

 Is effective in the short-term
because the alternative can be
implemented in less than 1 year
(approximately 10 to 12 months).

 Rank - 3

 Is effective in the short-term
because the alternative can be
implemented in less than 1 year
(approximately 10 to 12 months).

 Rank - 3

 Is effective in the short-term
because the alternative can be
implemented in less than 1 year
(approximately 6 to 9 months).

 Rank - 3

 Is effective in the short-term because
the alternative can be implemented in
less than 1 year (approximately 6 to 9
months)..

 Rank - 3

Long-Term
Effectiveness

 Does not provide long-term
effectiveness.

 Rank – 0

 Provides long-term effectiveness,
with proper maintenance of the cap.

 Rank - 4

 Provides long-term effectiveness,
with proper maintenance of the
cap.

 Rank - 4

 Provides long-term effectiveness
with no maintenance required.

 Rank - 4

 Provides long-term effectiveness, with
proper maintenance; however, some
COCs may remain mobile.

 Rank - 2
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Evaluation Criteria 1

No Further Action

2a

LDA/ISCR using CaSx
with Engineered Cap

2b

LDA/ISCR using FeSO4

with Engineered Cap)
3

Excavation and Off-Site Disposal

4

Capping Site

I
m
p
l
e
m
e
n
t
a
b
i
l
i
t
y

Technically
Feasible

 Is technically feasible because no
action is required.

 Rank - 4

 Is technically feasible, based on
bench-scale testing results.

 CaSx is a more technically feasible
reducing agent, when compared to
FeSO4; CaSx could leach to
groundwater.

 Requires field pilot testing prior to
full-scale implementation.

 Has been implemented at similar
properties.

 Implementation may result in noise,
dust, sulfur odor, and temporary
disruption to the local community;
however, mitigation measures are
readily available to address these
concerns.

 Would result in a relatively small
increase of truck traffic, disruption to
residents, and transport of treated
swell material through the
community

 Implementation may result in
potential for runoff during rain
events; however, mitigation
measures, such as stormwater
BMPs, are readily available to
address this concern.

 Rank - 3

 Is technically feasible, based on
bench-scale testing results.

 FeSO4 is a less technically
feasible reducing agent, when
compared to CaSx; requires acid
use, which would cause health
and safety concerns to field
personnel, and has the potential
to mobilize other metals, such as
Arsenic.

 Requires field pilot testing prior to
full-scale implementation.

 Has been implemented at similar
properties.

 Implementation may result in
noise, dust, and temporary
disruption to the local community;
however, mitigation measures are
readily available to address these
concerns.

 Would result in a relatively small
increase of truck traffic, disruption
to residents, and transport of
treated swell material through the
community

 Implementation may result in
potential for runoff during rain
events; however, mitigation
measures, such as stormwater
BMPs, are readily available to
address this concern.

 Rank - 3

 Is technically feasible.

 Has been implemented at similar
properties.

 Implementation may result in noise,
dust and temporary disruption to
the local community; however,
mitigation measures are readily
available to address these
concerns.

 Implementation may result in
potential for runoff during rain
events; however, mitigation
measures, such as stormwater
BMPs, are readily available to
address this concern.

 Implementation would generate a
large amount of soil for off-site
disposal, with potential long-term
liability.

 Would result in a large increase of
truck traffic, disruption to residents,
and transport of untreated,
potentially hazardous waste
through the community.

 Rank - 2

 Is technically feasible.

 Has been implemented at similar
properties.

 Implementation may result in noise,
dust, and minor temporary disruptions
to the local community; however,
mitigation measures are readily
available to address these concerns.

 Implementation may result in potential
for runoff during rain events; however,
mitigation measures, such as
stormwater BMPs, are readily
available to address this concern.

 Rank - 3

Available Services
and Materials

 This remedial alternative does not
require equipment, labor force,
permits, or other resources to
implement.

 Rank – 0

 Equipment, labor, resources and
materials are readily available.

 Rank - 3

 Equipment, labor, resources and
materials are readily available.

 Rank - 3

 Equipment, labor, resources and
materials are readily available.

 Rank - 3

 Equipment, labor, resources and
materials are readily available. The
equipment required for installing a cap
is more available, and requires a
much shorter mobilization time than
other active remedial alternatives.

 Rank - 3



Page 3 of 3

Evaluation Criteria

1

No Further Action

2a

LDA/ISCR using CaSx
with Engineered Cap

2b

LDA/ISCR using FeSO4

with Engineered Cap)

3

Excavation and Off-Site Disposal

4

Capping Site

Administrative
Feasibility

 Would require deed restrictions to
leave impacted material in place.

 Rank - 0

 Requires permits from RWQCB
(WDRs, Stormwaer NPDES) and
local agencies.

 Deed restrictions would be required
for this alternative, to address
impacted soils left in place at
concentrations that exceed
residential SSLs.

 Rank - 3

 Requires permits from RWQCB
(WDRs, Stormwaer NPDES) and
local agencies.

 .Deed restrictions would be
required for this alternative, to
address impacted soils left in
place at concentrations that
exceed residential SSLs.

 Rank 3

 Requires stormwater NPDES
permit from RWQCB but WDRs
would not be required. Permits
from locakl agencies would also be
required.

 Deed restrictions would be required
for this alternative, to address
impacted soils left in place at
concentrations that exceed
residential SSLs.

 Rank 3

 Only local construction permits would
be required.

 Deed restrictions would be required
for this alternative, to address
impacted soil left in place.

 Rank 4

Community and
Regulatory
Acceptance

 The community and regulatory
agencies would not likely accept
this alternative.

 Rank – 0

 The community and regulatory
agencies are expected to accept
this alternative contingent upon the
results of field pilot testing.

 LARWQCB has accepted this
technology for similar sites in the
San Fernando Valley.

 LARWQCB’s General WDR permit
accepts CaSx as reducing agent for
Cr6+.

 Rank - 3

 The community and regulatory
agencies are expected to accept
this alternative contingent upon
the results of field pilot testing.

 LARWQCB’s General WDR
permit accepts FeSO4 as
reducing agent for Cr6+.

 Rank - 3

 Regulatory agencies are expected
to accept this alternative however,
community acceptance may be low
due to truck traffic and the transport
of potentially hazardous wastes on
local streets.

 LARWQCB has accepted this
technology at numerous sites
throughout the region,

 Rank – 2

 The community and regulatory
agencies are not expected to accept
this alternative.

 LARWQCB has accepted this
technology at numerous sites
throughout the region,

 Rank - 1

Costs  Zero cost

 Lowest cost of assessed alternatives;
therefore, the alternative is cost
effective.

 Rank - 4

 Cost range approximately
$2,500,000 to $2,800,000,
depending of volume of swell
material and waste
disposition/costs.

 Higher in cost than Alternatives 1
and 4, and similar in cost to
Alternative 2b and Alternative 3.

 Rank – 2

 Cost range approximately
$2,500,000 to $2,800,000,
depending of volume of swell
material and waste
disposition/costs.

 Higher in cost than Alternatives 1,
and 4, similar in cost to 2a, and
lower in cost than Alternative 3.

 Rank – 2

 Cost range approximately
$2,800,000 to $4,300,000,
depending on volume excavated
and waste disposition/costs.

 Highest cost alternative.

 Significant risk to costs due to
unknown waste characterization of
waste disposed offsite.

 Rank - 1

 Cost range approximately $460,000 to
$680,000 initial capital cost; long-term
maintenance costs would be required.

 Lowest cost alternative with action
taken.

 Rank - 3

Total Ranking 8 29 29 25 23

Notes:

Rank 0 – Worst

Rank 1 – Poor

Rank 2 – Fair

Rank 3 – Good

Rank 4 – Very Good



APPENDIX A

LEGAL DESCRIPTION



The land situated in the City of Los Angeles, County of Los Angeles, State of California, as
follows:

PARCEL 1:

THAT PORTION OF LOT 16 OF THE RIVERDALE TRACT, AS PER MAP RECORDED IN
BOOK 54 PAGE 41, MISCELLANEOUS RECORDS OF SAID COUNTY, DESCRIBED AS
FOLLOWS:

BEGINNING AT A POINT IN THE NORTHERLY LINE OF GOODWIN AVENUE
(FORMERLY OAK DRIVE), AS NOW ESTABLISHED 50 FEET WIDE, AS SHOWN ON
MAP OF TRACT NO. 644, AS PER MAP RECORDED IN BOOK 15 PAGES 198 AND 199
OF MAPS, IN THE OFFICE OF THE COUNTY RECORDER OF SAID COUNTY, DISTANT
THEREON WEST PARALLEL WITH THE SOUTHERLY LINE OF SAID LOT 16, 555.04
FEET FROM THE EASTERLY LINE OF SAID LOT 16, SAID EASTERLY LINE BEING
THE SOUTHWESTERLY LINE OF THE SOUTHERN PACIFIC RAILROAD COMPANY'S
RIGHT OF WAY; THENCE FROM SAID POINT OF BEGINNING NORTH 22º 50' WEST
PARALLEL WITH SAID EASTERLY LINE OF SAID LOT AND SAID RIGHT OF WAY
LINE 431.97 FEET, MORE OR LESS, TO THE SOUTHERLY LINE OF THAT CERTAIN 17
FOOT STRIP OF LAND CONVEYED TO SAID SOUTHERN PACIFIC RAILROAD
COMPANY BY DEED RECORDED IN BOOK 4036 PAGE 102, OFFICIAL RECORDS OF
SAID COUNTY; THENCE WEST ALONG SAID SOUTHERLY LINE 109 FEET; THENCE
SOUTH 22º 50' EAST PARALLEL WITH SAID EASTERLY LINE OF SAID LOT AND
SAID SOUTHWESTERLY RIGHT OF WAY LINE 431.97 FEET, MORE OR LESS, TO SAID
NORTHERLY LINE OF GOODWIN AVENUE; THENCE EAST THEREON 109 FEET TO
THE POINT OF BEGINNING.
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(4057 and 4059 Goodwin Avenue, Los Angeles, CA)

Overall
Comment Agency

Specific
Comment Agency Comment Response

Final RAP
Location

1. LARWQCB 1. General The RAP needs a section presents a brief
description (including decision flowchart or
tree, tables, etc.) on the proposed
"Demolition (Demo) and Decon
(Decontamination) Plan for the existing
building located at 4057 Goodwin Avenue.
Additionally, the section should include
costing information.

A section will be added to the Final Remedial
Action Plan (RAP) that summarizes the conceptual
decontamination and demolition (D&D) plan, with
related estimated costs, for the existing building
located at 4057 Goodwin Avenue. The final D&D
plan will be presented as a separate document
following completion of the hazardous building
materials survey (HBMS). The final plan will
include descriptions of hazardous materials
documented during the HBMS and proposed
building decontamination and demolition activities.

Section 10

2. LARWQCB 2. General The RAP needs a section which presents a
brief description (including tables) for the
Sampling Plan which would be
implemented during the implementation of
the Demolition and Decontamination Plan.
The plan would also include steps for
sampling the event of an emergency
response [i.e., spill(s) caused during the
implementation of the RAP]. Additionally,
the section should include costing
information.

The proposed plan for sampling soil beneath the
building floor slab after it is removed will be
discussed in a new section within the Final RAP
(note that if soil sampling beneath the removed slab
is necessary, it is anticipated to be limited, because
soil samples were collected from a depth of 1 foot
from 37 of the soil borings advanced at the Former
Excello Plating Co., Inc. facility during the
assessments performed at the Site in 2006).

This new section will also briefly discuss methods
to be used during building demolition to reduce the
likelihood of migration of impacted dust to
surrounding properties, such as dust suppression
using water trucks, foam, or other possible means.

A Contingency Plan will be added as an Appendix
to the Final RAP. The Contingency Plan will
describe provisions that will be used on Site during
implementation of the RAP, and will include
emergency response procedures, emergency
contact information, and agency notification
protocols. The Contingency Plan will also include
general procedures for assessing extents and
degrees of impacts in the event of a spill during the
HBMS process and/or decontamination and
demolition activities.

Section 10
Appendix T
Appendix P
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Estimated costs to implement the decontamination
and demolition activities will be included in the Final
RAP.

3. LARWQCB 3. General The RAP needs a section which presents
the Quality Assurance (QA) and Quality
Control (QC) including QA/QC for the
collection and analysis of samples of
various media.

A section will be added to the Final RAP that
describes the quality assurance and quality control
(QA/QC) procedures to be implemented during
future sample collection and analyses.

Section 11
Appendix T

4. LARWQCB 4. General The RAP needs a section which presents a
brief description on the Health and Safety
plan (HASP).

An initial draft of the Site-Specific Health and Safety
Plan (HASP) that will be prepared for field activities
will be included in the Final RAP as an Appendix.

Appendix S

5. LARWQCB 5. General The RAP needs a section on Public
Participation including fact sheets, etc.
Some issues might also include noise,
hydrogen sulfide, dust, traffic, etc.

As discussed to date with the Los Angeles
Regional Water Quality Control Board
(LARWQCB), a section describing (conceptual
only) public participation activities will be included
in the Final RAP. Preparation of fact sheets,
presentations, public meeting schedules, etc., will
be completed following approval of the Final RAP.

Section 12

6. LARWQCB 6. General The RAP has not been signed by the
Senior Engineer or the Senior
Hydrogeologist.

Kleinfelder’s policy is to omit signatures from draft
documents. The Final RAP will be signed and
stamped by the appropriate registered
professionals.

Signature page

7. LARWQCB 7. General The RAP needs a more detailed schedule
with project tasks and milestones.

A more detailed schedule will be prepared and
added to the Final RAP.

Section 13

8. LARWQCB 8. General The RAP needs to provide text that states a
Human Health Risk Assessment will be
conducted once the RAP has been
completed.

A discussion describing the Human Health Risk
Assessment (HHRA) that will be performed
following RAP implementation will be included in
the Final RAP.

Exec. Summary
Section 8
Section 9

9. LARWQCB 9. General The RAP needs to provide text that a State
of California Deed Restriction may be
required once the RAP has been
completed. The Deed Restriction may
require the use of institutional,
administrative, and engineering controls.

The Draft RAP mentions the potential need for
deed restrictions following implementation of the
Final RAP in several places, including on page 4 in
paragraph 3 of the Executive Summary, in
subsection 7.3, and in Table 1.

A specific reference to LARWQCB’s deed
restriction policy will be added in the Final RAP, as
follows: “The prospective purchaser will submit for

Exec. Summary
Section 7
Section 8
Table 1
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the LARWQCB Executive Officer’s approval and
execution a deed restriction referred to as a
“Covenant and Environmental Restriction on
Property (CERP),” that includes the language
attached as Appendix A. Upon execution by the
Board’s Executive Officer, the prospective
purchaser will record the CERP on the Property.”

10. LARWQCB 10. General The RAP needs to address potential
settling issues regarding the use of the
CAP and the concrete solidification
processes.

Potential settling issues will be addressed in the
large diameter auger (LDA)/in-situ chemical
reduction (ISCR) and stabilization design plans and
specifications, which will be prepared following
approval of the Final RAP and performance of the
pilot testing.

NA

11. LARWQCB 11. General There are no geologic cross-sections
showing the distribution of lithologic units
across the site. These cross-sections can
provide an insight into what difficulties that
may be encountered with the
implementation of the proposed Soil Vapor
Extraction (SVE) system and proposed
remedy for heavy metal contamination.

Lithologic information is included on Plates 5B, 5C,
5D, 5E, and 7B of the Draft RAP. More detailed
cross sections, showing the inferred distribution of
the lithologic units, will be included in the Final
RAP. These cross sections will be discussed with
emphasis on how and why implementing the
LDA/ISCR alternative to mitigate metals in soils is
not expected to significantly impact remedial
activities for perchloroethylene (PCE) and
trichloroethylene (TCE) in the vadose zone.

Plates 5B-5D
Plate 7B
Section 6

12. LARWQCB 12. General The SVE system's 60 feet of ROI was
estimated, this estimation needs to be
validated by an SVE pilot test, and
therefore, the RAP needs a discussion on
this SVE pilot test to be conducted.

The proposed soil vapor extraction (SVE) pilot test
to be performed prior to RAP implementation is
discussed in Section 9.3 of the Draft RAP. The
estimated radius of influence (ROI) of SVE wells
used to develop the conceptual SVE system was
based on our experience with sites of similar
geology and will be confirmed during SVE pilot
testing, which will be performed after the Final RAP
is approved.

Section 9.3

13. LARWQCB 13. General The RAP needs to undergo a technical
editing review prior to being finalized. For
example the Title Block Figure 3A, should
read TCE iso-concentrations in Soil Gas
versus Depth.

A formal technical editing of the Final RAP will be
performed by a Kleinfelder Technical Editor prior to
submittal to agencies. As for the cited example, the
Title Block of Figure 3A will be revised to read “TCE
Iso-concentrations in Soil Vapor versus Depth.”

Global
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14. LARWQCB 14. General It is not clear as to what the RAP
objective(s) are. The RAP needs to include
a discussion on the objective(s) in the
Executive Summary and Introductory
sections.

Objectives stated in the Executive Summary will be
reiterated within the appropriate sections in the
Final RAP.

Exec. Summary
Section 2

15. LARWQCB 15. General The RAP's proposed remedy needs the
details protocol and a layout in the next
phase Design Package/Work Plan with
regard to the following:

a. Effectiveness, and

b. Implementability

Sections will be added to the Final RAP that will
discuss the means by which effectiveness and
implementability of the remedial treatments will be
measured.

Section 8.5
Section 9.9

16. LARWQCB 1. Specific Page i — The RAP has not been signed
by the Senior Engineer or the Senior
Hydrogeologist.

Kleinfelder’s policy is to omit signatures from draft
documents. The Final RAP will be signed and
stamped by the appropriate registered
professionals.

Page i

17. LARWQCB 2. Specific Page 1 – Executive Summary needs to
identify the plating operation located at
4059 Goodwin Avenue as Plating
Engineering Company.

The historic plating operation at 4059 Goodwin
Avenue will be identified as operated by “Plating
Engineering Company, Inc.” (which is assigned the
acronym “PECI” in the Draft RAP).

Exec. Summary
Section 3

18. LARWQCB 3. Specific A review of Figure 6 versus Figure 7A
suggests that the proposed site CAP be
moved 30-40 feet laterally to the south
due to the presence of contamination in
the southern portion of the site within the
building footprint.

The purpose of the engineered cap is to provide
surface cover above the buffer zone where only
cement stabilization will be used to treat the metals
impacted soil. The buffer zone will be installed
between 35 and 45 feet below ground surface
(bgs), within the 5.6 milligrams per kilogram
(mg/kg) hexavalent chromium iso-contour (Figure
6). The cap will be designed to overlap this zone
by as much as 50 feet on all sides. The cap is not
intended to cover the entire lateral extent of metals-
impacted soil. It is intended only to cover the area
above the buffer zone with the specified overlap.

Exec. Summary
Section 8.1
Plate 7A

19. LARWQCB 4. Specific Figure 5B indicates significant a TCE
concentration to 30-feet below ground
surface (bgs). A technical description
needs to be presented in the RAP that

The proposed SVE wells, as described in
Subsection 9.2 of the Draft RAP, will be nested,
with screened intervals from 5 to 25 feet bgs, and
from 30 to 45 feet bgs. The isolated screened

Section 9.2
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describes how the SVE system will be
effective at this and at deeper depths.

intervals will enable SVE activities to be focused on
targeted depths.

Observation Wells OBS-1 and OBS-2, to be used
during SVE pilot testing, are to be screened
similarly and could be added to the vapor extraction
well network to enhance PCE and TCE recovery in
the more highly impacted portions of the vadose
zone.

20. LARWQCB 5. Specific Title Block Figure 3A should read TCE iso-
concentrations in Soil Gas versus Depth.

The Title Block of Plate 3A in the Final RAP will be
revised to read “TCE Isoconcentrations in Soil
Vapor versus Depth.”

Plate 3A

21. LARWQCB 6. Specific Executive Summary, Page 1, third
paragraph the text that states the acronym
CAO stands for "Corrective Action
Order." The text should be revised to
state the acronym CAO stands for
Cleanup and Abatement Order.
Furthermore the CAO is R4-2003-0038-R.

Text will be edited in the Executive Summary of the
Final RAP as requested and a reference to the
specific Cleanup and Abatement Order (CAO) will
be added.

Exec. Summary

22. LARWQCB 7. Specific Executive Summary, Page 1, third
paragraph needs to include text that
states "This RAP was developed and
submitted by a prospective purchaser on
behalf of the Trust.

The third sentence in paragraph three on page 1
will be edited in the Final RAP as follows: “This
RAP was prepared by Kleinfelder and is being
submitted on behalf of The Spirito Family Trust.”

Exec. Summary

23. LARWQCB 8. Specific Executive Summary, Page 2, first
paragraph, first sentence, the word
"interrupt" needs to be replaced with
"cease."

During the July 22, 2010 project meeting with
LARWQCB and United States Environmental
Protection Agency (US EPA), it was agreed the text
insert should read, “The goal for the RAP is to
prevent future migration of the contaminants of
concern (COC) present in Site vadose zone soil to
underlying groundwater.”

Exec. Summary
Section 2

24. LARWQCB 9. Specific Executive Summary, Page 2, first
paragraph, second sentence, the word
"impact" needs to be replaced with
"contamination."

The text of the Final RAP will be edited as
requested.

Exec. Summary
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25. LARWQCB 10. Specific Executive Summary, Page 2, first
paragraph, fourth sentence, the entire
sentence needs more clarification. What
is meant by "interpreted complete and
potentially-complete contaminant
exposure pathways." A
description/definition of this phrase is
presented later in the paragraph. Suggest
the description/definition be presented
earlier in the paragraph.

The content of the referenced paragraph will be re-
arranged for clarity in the Final RAP.

Exec. Summary

26. LARWQCB 11. Specific Executive Summary, Page 2, first
paragraph, last sentence does not include
future warehouse workers, if these are not
considered, then state why and what
administrative/engineering controls will be
used to prevent these worker exposure
pathways.

Complete pathways for future warehouse workers
are addressed by use of the phrase “…and
inhalation of vapors by on-Site workers in enclosed
structures after redevelopment…” in the Executive
Summary of the Draft RAP, in Section 4, and on
Plate 3C (Conceptual Site Model). Administrative
and engineering controls will be considered, if
necessary, to control exposure pathways, as
discussed at various locations throughout the Draft
RAP.

Exec. Summary
Section 5
Plate 3C

27. LARWQCB 12. Specific Executive Summary, Page 3, first
paragraph, last sentence or (3) reason,
the entire reason needs to be rewritten to
include text that states the site did
contribute to groundwater contamination
of the listed COCs including the
contamination lying beneath the Site.
However, this RAP is not intended to
address groundwater contamination. The
groundwater contamination will be
addressed by USEPA as part of their
evaluation of the Glendale Extraction
Wells performance, which includes GS-3.

Reason (3) will be re-written to include the
following: “The Site contributed to groundwater
contamination by the listed COCs;. This RAP is not
intended to address groundwater contamination.
A final list of COCs will be added to the Executive
Summary to ensure it is clear what constituents are
and are not considered COCs.

Exec. Summary

28. LARWQCB 13. Specific Executive Summary, Page 4, third
paragraph, the paragraph should include a
reference to the Regional Board's Deed
Restriction entitled "Covenant and
Environmental Restriction on Property."

A specific reference to LARWQCB’s deed
restriction policy will be added in the Final RAP,
as follows: “The prospective purchaser will
submit for the LARWQCB Executive Officer’s
approval and execution a deed restriction

Exec. Summary
Section 8.1
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referred to as a “CERP,” that includes the
language attached as Appendix A. Upon
execution by the Board’s Executive Officer, the
prospective purchaser will record the CERP on
the Property.”

29. LARWQCB 14. Specific Executive Summary, Page 5, first
paragraph, the paragraph needs to include
text that states a Regional Board Waste
Discharge Requirements (WDR) permit will
be required for the CaSOx injection,
because groundwater monitoring will be
required to determine whether the
injection of the CaSOx is working.

A section will be added to the Final RAP that
describes why a State Water Resources Control
Board (SWRCB) Waste Discharge Requirements
(WDR) Permit will be acquired for the proposed
injection of calcium polysulfide (CaSx) in the
subsurface, and that monitoring consistent with the
permit, and activities discussed in the Final RAP,
will be implemented. In addition, a reference to the
General WDR Permit (R4-2007-0019), which
includes CaSx as a pre-approved injectant, will be
provided. The date of WDR Permit Application
submittal will be added to the detailed schedule
included in the Final RAP. Injection rates and
quantities will be specified in the WDR Permit
Application.

Exec. Summary
Section 8.4

30. LARWQCB 15. Specific Page 41, Equation 10 results, why was
Federal USEPA MCL for chromium of
100 micrograms per liter (µg/L) used
instead of the State of California MCL of
50 µg /L?

The Site-specific soil screening level (SSL)
proposed in the Draft RAP is based on the City of
Glendale Voluntary Cleanup Goal of 5 micrograms
per liter (µg/L) for hexavalent chromium in
groundwater, which is more conservative than
SSLs generated by use of the US EPA Maximum
Contaminant Level (MCL) or California
Environmental Protection Agency (Cal EPA) MCL
for total chromium.

Equation 10 calculates Site-specific SSLs using
Site-specific parameters as input values, with the
key input value being the target groundwater
cleanup goal. The US EPA MCL of 100 µg/L for
total chromium was used as an input value for a
frame of reference, because its use results in an
SSL of 2 mg/kg hexavalent chromium in soil. This

Section 4.2
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SSL is consistent with the cleanup goal requested
by LARWQCB in a letter to The Spirito Family
Trust dated October 31, 2007. Calculation of SSLs
using the Cal EPA and US EPA MCLs are only
intended to provide additional points of reference.

The Final RAP will be revised to eliminate
equations and input values not being used so as to
avoid confusion. In addition, more details regarding
the use of Equation 10 to calculate SSLs will be
included in the Final RAP.

31. LARWQCB 16. Specific Pages 41 and 42 – Equation 10: why
were values from USEPA 2004 Table of
PRGs used for some COCs (i.e.,
hexavalent chromium and nickel) and
other values from USEPA's December
2009 RSL table used for other COCs (i.e.,
total chromium and cadmium)?

Values from US EPA’s 2004 table of Preliminary
Remedial Goals (PRGs) were not used on pages
41 and 42, or in SSLs calculations using Equation
10. Values used for input into Equation 10 are the
Federal and State MCLs, the City of Glendale
Voluntary Cleanup Goal for hexavalent chromium in
groundwater, and public health goals (PHGs). The
Final RAP will be revised to eliminate equations
and input values not being used so as to avoid
confusion. In addition, more details regarding the
use of Equation 10 to calculate SSLs will be
included in the Final RAP.

Section 4.2
Appendix I

32. LARWQCB 17. Specific Page 43 – Equation 11: as stated in
comment number 17, some values used
in calculating equation 10 for several
COCs were based on values from
USEPA 2004 PRG table. The values
from this table are assume a "dilution
attenuation factor (DAF) of 1 while the
remaining COC values for equation 10 are
based on USEPA's December 2009 RSL
table, which also assumes a DAF of 1.
Based on this information it's confusing as
to what equation 11 is calculating, since a
DAF of 1 suggests, no dilution.

Equation 11, on page 43 of the Draft RAP, and
page 4-28 of the US EPA Soil Screening Guidance
(SSG) User’s Guide, was used to derive a Site-
specific dilution factor in groundwater, based on
Site-specific parameters such as infiltration rate (I),
groundwater gradient (i), aquifer hydraulic
conductivity (K), and source length (L). The Final
RAP will be revised to eliminate equations and
input values not being used so as to avoid
confusion. In addition, more details regarding the
use of Equation 11 to calculate SSLs will be
included in the Final RAP.

Section 4.2
Appendix I
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33. LARWQCB 18. Specific Page 45 - Equation 14: See comment
presented as number 16 above.

During the July 22, 2010 project meeting with
LARWQCB and US EPA, it was agreed to delete
Equation 14 and provide an explanation as to why it
was removed from the Final RAP.

NA

34. LARWQCB 19. Specific Page 46 – proposed cleanup levels
should be reviewed and recalculated
based on comments presented as
numbers 16, 17, and 18 and USEPA
comment 12.

Site-specific SSLs calculations will be updated in
the Final RAP, and will consider the May 2010 US
EPA RSLs.

Section 4.2

35. LARWQCB 20. Specific Page 46 – why is a discussion of 8.3
as the default MCL for hexavalent
chromium being mentioned, when the
MCL value for hexavalent chromium in
equation 10 is 2 mg/kg.

The reference to 8.3 µg/L will be removed from the
Final RAP.

NA

36. LARWQCB 21. Specific Page 46, first paragraph, second
sentence needs to be revised to state
"The State of California uses 50 µg/L as
the MCL for hexavalent chromium.

Text in the Final RAP will be edited as requested. Section 4.2

37. LARWQCB 22. Specific Page 47, first paragraph, reason (3) needs
to be revised to state, residual chromium,
hexavalent chromium, cadmium, and nickel
left in-situ will not be a source for
groundwater contamination including the
GS-3 well. Note the site is a source of
chromium, hexavalent chromium,
cadmium, and nickel contamination of
groundwater which has impacted GS-3.

Text will be added to the Final RAP to clarify its
goal is to prevent future migration of the COCs
present in Site vadose zone soil to underlying
groundwater. Based on SSLs calculated using the
SSG document, COCs in soil after implementation
of the proposed remedial action at the Excello site
are not expected to impact groundwater extracted
by well GS-3 above current cleanup levels.

Nickel and cadmium do not appear to be present in
soils at concentrations of concern. Recent
groundwater monitoring data collected at the Site
for nickel and cadmium (collected between
February 2006 and December 2009, and reported
in the January 15, 2010 “Groundwater Monitoring
Report, Second Semi-Annual 2009” prepared by
CCI), found that nickel concentrations ranged from
not detected to a maximum concentration of 23
µg/L, a concentration that is below the Cal EPA
MCL for nickel (100 µg/L). In the February 2006

Section 4.2



101942/IRV10R214 Page 10 of 49 September 16, 2010
Copyright 2010 Kleinfelder

Responses to Agency Comments to Draft Remedial Action Plan for
The Spirito Family Trust – Former Excello Plating Co., Inc. Facility

(4057 and 4059 Goodwin Avenue, Los Angeles, CA)

Overall
Comment Agency

Specific
Comment Agency Comment Response

Final RAP
Location

groundwater samples cadmium was detected in
one sample (from Well MW-2), at a concentration
slightly exceeding its Cal EPA MCL (5.2 µg/L vs.
5.0 µg/L). Cadmium was not detected in May or
September 2008, or June 2009 groundwater
samples. In the December 2009 samples,
cadmium was again detected in one sample (from
Well MW-2), at a concentration of 3.5 µg/L, which is
below the Cal EPA MCL. Therefore contributions
of cadmium and nickel from the Site are not
anticipated to be concerns in groundwater
extracted from GS-3 at this time.

Total chromium and hexavalent chromium appear
to be part of the regional groundwater plume;
however, it is possible the Site has contributed to
groundwater contamination by these COCs, which
could be extracted by GS-3. The remediation to be
accomplished according to the RAP will reduce and
immobilize the hexavalent chromium
concentrations to levels that are not of ongoing
concern. Further, the cap contemplated as part of
the proposed remediation will further mitigate the
concern of future migration of COCs to
groundwater.

38. LARWQCB 23. Specific Page 53, table presenting the "Summary
of VOC Site-Specific Screening Levels
needs to have each site specific
screening levels in soil vapor
recalculated from micrograms per cubic
liter (µg/m

3
) to µg/L. Based on these

recalculations, the maximum soil vapor
concentration (5-feet bgs), and which
CHHSL needs to be re-evaluated (For
example, the CHHSL for 1,1,1-
trichloroethane (1,1,1-TCA) is based on
"Indoor Air Human Health Screening Levels
using the Commercial/Industrial Land Use

At the request of the LARWQCB, Site-specific soil
vapor SSLs will be presented in this table in both
micrograms per cubic meter (µg/m

3
) and µg/L, for

convenience. The row of industrial/commercial
California Human Health Screening Levels
(CHHSLs) will be revised to include screening
levels for soil vapor. The table will also be
modified by removing the row with maximum 5-foot
soil vapor concentrations from previous
assessments, as its inclusion encourages a
comparison of modeled values to these, which is
not appropriate, and is a potential source of
confusion to the reader.

Section 4.2
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Only," whereas the CHHSLs for
trichloroethylene (TCE) and
perchloroethylene (PCE) are based on
"Shallow Soil Gas Human Health
Screening Levels (Vapor Intrusion, using
the Commercial/Industrial Land Use
Only." The use of CHSSLs needs to be
consistent, therefore use either Indoor Air
or Shallow Soil Gas values for the
calculations. If present building is to be
demolished, then the use of Shallow Soil
Gas may be more appropriate, however if
a building is to be constructed, then use of
administrative or engineering controls will
be required if remaining in-situ 1,1,1-TCA,
TCE, and/or PCE soil gas values are
above indoor air CHSSLs. The table
needs to reflect in bold red font, those
CHHSLs which will be exceeded for
1,1,1-TCA, TCE and PCE regardless of
whether Indoor Air or Shallow Soil Gas
values are used in the calculations.

Following completion of proposed SVE remedial
activities, the residual volatile organic compounds
(VOCs) in shallow soil vapor will be sampled, and
the results will be used to perform an HHRA.
Results of the HHRA will dictate whether
administrative and engineering controls are
needed.

39. LARWQCB 24. Specific Page 54, first paragraph, second to the
last sentence, need to reference the
plates that are discussed in comment
number 11 with Regional Board General
Comments above.

Lithologic information is included on Plates 5B, 5C,
5D, 5E, and 7B of the Draft RAP. This information
will be expanded and clarified in the Final RAP by
adding more lithologic detail (i.e., inferred lithologic
unit contacts) to these cross sections.

Plates 5B-5E
Plate 7B

40. LARWQCB 25. Specific Page 56, first paragraph, first sentence,
need to state the use of administrative or
engineering controls (i.e., vapor barrier)
will be constructed.

The Final RAP will describe administrative and/or
engineering controls that will be considered if it is
not possible to achieve CHHSLs or another
appropriate risk-based cleanup level within the
practical limits of SVE technology. The practical
limits of SVE technology will be demonstrated as
follows:

Section 9
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1. During SVE system operation, the
extracted soil vapors, and individual SVE
well screened intervals, will be sampled
(using Summa

®
canisters or glass bulbs)

and analyzed for total PCE and TCE on
day 1 and monthly thereafter.

2. Weekly monitoring of the VOCs
concentrations in vapors using a PID, at the
influent to the SVE system and at individual
SVE wells will be performed.

3. When four successive weekly vapor
samples indicate that VOC concentrations
have reached asymptotic conditions (i.e.,
the concentration difference between
successive sampling events is negligible,
and the total PCE and TCE concentrations
are approaching a de-minimus value), the
SVE system will be switched to pulse
operation.

4. During pulse operation the SVE system will
be shut down for 2 weeks.

5. Re-start the system and collect influent
samples at the following frequencies: 1
day, 7 days, and every 2 weeks until two
consecutive concentrations are at non-
detect or asymptotic levels for PCE and
TCE.

6. When the weekly monitoring indicates that
the VOC vapor concentrations measured
with a PID have again reached asymptotic
levels, the system will be shut down for
another 2-week interval and the pulse
operation cycle repeated.
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7. The VOC vapor concentrations measured
with a PID on day 1 of the SVE system
startup and day 1 of each of the pulse
operation cycle will be plotted.

8. This pulse operation will continue until the
day-1 VOC vapor concentrations measured
with a PID and PCE and TCE
concentrations measured in a laboratory
have reached asymptotic conditions. This
will be considered to be the practical limits
of the SVE technology.

A soil vapor survey will be conducted in the shallow
vadose zone following shutdown of the SVE
system. Results of the soil vapor survey will be
used to conduct an HHRA for the intended Site re-
use. The need for implementation of administrative
and/or engineering controls at the Site will be
considered, if necessary, based on results of the
HHRA and future Site use.

41. LARWQCB 26. Specific Page 56, first paragraph, last sentence,
this assumption is based on what's
happening at 40- feet bgs. Need to
calculate what the TCE and PCE
concentrations will be at 5-feet and
5-feet bgs and compare those to the
CHHSLs. What happened to 1,1,1-TCA. Is
the omission of 1,1,1-TCA indicate the
SVE will remove the compound, or there is
no off-gassing of the compound from the
regional groundwater contamination. Is the
compound part of the regional
groundwater contamination? Need to
include a brief discussion on this
compound.

A final list of COCs will be added to the Executive
Summary to ensure it is clear what constituents are
and are not considered COCs. Justification will be
provided for elimination of constituents as COCs.

The last sentence of page 56, paragraph 1, states
“This ongoing migration will prevent achievement of
commercial/industrial CHHSLs by SVE.” This
statement was made because PCE and TCE in
regional groundwater (i.e., from sources other than
the Site) will continue to migrate beneath the Site
and thereby provide a source of PCE and TCE to
the vadose zone until the regional contamination
has been addressed. The goal is to achieve
commercial/industrial CHHSLS for PCE and TCE
concentrations in the shallow vadose zone (i.e.,

Exec. Summary
Section 4.3
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less than 25 feet bgs), but these screening levels
may not be achievable.

The PCE and TCE concentrations off-gassed by
regional groundwater, as estimated by Henry’s
Law, were compared to the 40-foot depth Johnson
and Ettinger (J&E) Model results for potential future
building scenarios. This comparison suggests that
PCE and TCE concentrations off-gassed by
regional groundwater could exceed Site-specific
soil vapor SSLs (at 40 feet bgs) calculated for the
four building scenarios; therefore, these off-gassed
COCs could be an on-going source of impact to
indoor air quality for a future building.

1,1,1-trichloroethane (1,1,1-TCA) was omitted from
the discussion on page 56 for two reasons: 1)
1,1,1-TCA was not detected in the 30-foot bgs
vadose-zone soil vapor samples collected from
Probes K-26, K-32, K-33, K-35, K-36, and K-37
during October 2008 assessment activities; and 2)
Concentrations of 1,1,1-TCA were below detection
limits in the groundwater samples collected from
groundwater monitoring wells (MW-1 through MW-
6) as reported in the January 15, 2010
“Groundwater Monitoring Report, Second Semi-
Annual 2009” prepared by CCI. On the basis of
these results, we have concluded that 1,1,1-TCA is
not currently a COC at the Site.

42. LARWQCB 27. Specific Page 56, second paragraph, first sentence,
what is meant by asymptotic levels and
diminishing returns of VOC mass
removal, since cleanup levels have not
been calculated. The information needs
to be more specific. Need to calculate
potential asymptotic levels for the VOCs
and/or develop a timeline when
diminishing returns of VOC mass

The RAP will be revised to better define the SVE
system operation, as described in the response to
LARWQCB Specific Comment #25. As stated
above, the goal is to achieve commercial/industrial
CHHSLS for PCE and TCEin the shallow vadose
zone (i.e., less than 25 feet bgs), but these
screening levels may not be achievable.

Section 4.4
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removal might be achieved. This can be
done by modeling and by knowing
chemical properties when migrating
through soil column and what
concentrations are in the regional
groundwater. EPA had a similar
comments: Page 34: Section 5 does not
include a cleanup goal for VOCs and Page
57: "Asymptotic levels" and "diminishing
returns" are not quantitatively defined.
There is no cleanup goal for VOCs.

43. LARWQCB 28. Specific Page 56, second paragraph on VOC
Cleanup Goals & Cleanup Levels, an
assumption has been made that the VOC
cleanup levels are based on soil vapor
partitioning only. Need to provide
justification why soil matrix samples were
not taken, and if needed please provide
the steps that will be taken to address the
data gap. Additionally, the VOCs
cleanup levels are based on attenuation
factor methods/leaching. Additional
information needs to be presented and
discussed on the attenuation factor
methods/leaching.

The intent of the discussion on Page 56 was not to
establish cleanup levels based on water-vapor
partitioning, but rather to highlight that regional
groundwater impact will continue to be a source of
PCE and TCE off-gassing into the vadose zone,
and will likely prevent achieving
commercial/industrial CHHSLs in the deeper
vadose zone (i.e., more than 25 feet bgs).

For different reasons, CHHSLs may not be
achievable in the shallow vadose zone (i.e., less
than 25 feet bgs). As discussed in the response to
LARWQCB Specific Comment #25, we propose to
remove VOCs from the subsurface to the practical
limits of SVE technology. A soil gas survey will be
conducted in the shallow vadose zone following
shut down of the SVE system. Results of the soil
gas survey will be used to conduct an HHRA for the
intended Site re-use. The need for implementation
of administrative and/or engineering controls at the
Site will be considered based on results of the
HHRA and future Site use.

The discussion on page 56 will be revised in the
Final RAP to clarify the intent of the Henry’s Law
calculation. It is proposed that SVE will be used to
remove VOC mass from Site soils and soil vapor in

Section 4
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both the shallow and deeper portions of the vadose
zone to the extent practicable by the technology.

Based on various documented discussions with
LARWQCB, we assume Site assessment was
previously deemed complete. As a result, no
additional assessment is proposed at this time.

During a call with Larry Moore on June 1, 2010, he
indicated that no responses to the two sentences at
the end of Comment #28 are necessary.

44. LARWQCB 29. Specific Page 59, Section LDA Mixing and ISCR,
the section needs to include a discussion
on the WDR permit including how the
treated area will be monitored; need to
present a plate/figure showing the
proposed injection points in the treated
area and which groundwater monitoring
wells will be used for monitoring
groundwater upgradient of the treated
area, in the treated area, and
downgradient of the treated area.

A brief discussion of the acquisition of a WDR
Permit, and typical monitoring required to ensure
compliance with permit conditions, will be added to
the Final RAP. The discussion will include that
LARWQCB has indicated the General WDR Permit
under which LDA/ISCR activities will be performed
is Order No. R4-2007-0019, which requires
quarterly groundwater monitoring and analyses for
hexavalent chromium, VOCs, total organic carbon,
sulfide, sulfate, chloride, calcium, arsenic,
cadmium, manganese, bromide, iodide, ferrous
iron, pH, temperature, conductivity, dissolved
oxygen, oxidation-reduction potential, turbidity, and
groundwater elevation.

There are no “injection points,” but rather orifices
along the edges of the LDAs in which chemicals
are injected. The area of the circles shown on
Plate 7A display the extent of chemical injection.

Groundwater monitoring wells MW-2 and MW-3 will
be abandoned prior to implementation of
LDA/ISCR, and replacement wells MW-2R and
MW-3R will be installed to facilitate compliance
monitoring. Well MW-2R will be installed between
the LDA/ISCR treatment area and GS-3, and Well
MW-3R will be installed cross-gradient of the

Exec. Summary
Section 8.2
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LDA/ISCR treatment area. In addition, Well MW-4
will remain in place and serve as the up-gradient
groundwater monitoring well, and Well MW-1 will
remain in place and serve as a down-gradient
groundwater monitoring well. The neighboring US
EPA extraction wells will be used as WDR Permit
monitoring points only if their screening levels are
sufficiently shallow as to be useful.

45. LARWQCB 30. Specific Page 60, first paragraph, second
sentence, does the 5,000 cubic yards
of soil include the chromium, cadmium,
and nickel contaminated soil?

The hexavalent chromium-impacted soil occurs
coincident with total chromium-, cadmium-, and
nickel-impacted soil that exceeds the respective
Site-specific cleanup goals proposed in the Draft
RAP. This relationship will be clarified in the Final
RAP.

NA

46. LARWQCB 31. Specific Page 60, second paragraph, the fourth
sentence, needs more discussion on
how confirmation borings and
confirmatory testing will be done.
Information on boring/sampling
procedures, types of analyses, lists of
methods, what number will be used to stop
these boring procedures.

A detailed discussion of the confirmation sampling
protocol is beyond the scope of this screening
process. Details of the confirmation sampling
protocol for the selected alternative will be provided
in the Final RAP.

Section 8.5

47. LARWQCB 32. Specific Page 60, Section on Excavation and Off-
Site Disposal, second sentence
referencing an 800 cubic yards of
overburden requiring excavation was not
mentioned in the other alternatives and
should have been. Additionally, there is
no mention of confirmation borings and
sampling, which should be discussed in
this section.

The additional volume of excavated soil is expected
due to side-sloping required to allow safe access to
areas of impacted soil. This sloping requirement
would not apply to the other evaluated alternatives.
Confirmation sampling is mentioned but not
discussed in detail. A detailed discussion of the
confirmation sampling process is beyond the scope
of this screening process. Details of the
confirmation sampling protocol for the selected
alternative will be provided in the Final RAP.

Section 8.5

48. LARWQCB 33. Specific Page 65, paragraph on Implementability
should include a discussion on the
transportation plans.

A subsection will be added to the Final RAP that
describes a Transportation and Disposal Plan,
including a map, for off-Site transportation and
disposal of swell material and other waste
materials. In addition, a Transportation and
Disposal Plan will be prepared for the preferred

Section 8.7
Appendix R
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remedial alternative (LDA/ISCR), and included in
the Final RAP as Appendix R.

49. LARWQCB 34. Specific Page 66, first paragraph, last sentence
needs to include sampling strategy
including how samples will be collected
and for what and for what analysis.

The intent of this section of the Draft RAP is to
screen remedial alternatives. A proposed
confirmation boring sampling plan for the
LDA/ISCR alternative will be added to the Final
RAP.

Section 8.5

50. LARWQCB 35. Specific Page 70, Section on Excavation, On-Site
Thermal Desorption, and Backfill and
Compaction, the last sentence should
provide a discussion on treated soil will be
sampled and analyzed to confirm the soil
is clean and ready to be used as backfill.

The intent of this section of the Draft RAP is to
screen remedial alternatives.

NA

51. LARWQCB 36. Specific Page 70, Section on No Further Action,
the completion of an HHRA will be
required regardless of what alternative is
chosen, not just the NFA alternative.
Therefore, the completion of an HHRA
should be discussed in the RAP in the
appropriate section.

A discussion describing the HHRA that will be
performed following RAP implementation will be
included in the Final RAP.

Exec. Summary
Section 8.8
Section 9.10

52. LARWQCB 37. Specific Page 74, Section on Proposed Remedial
Alternative for Metals in Soil, first
paragraph, third sentence referencing
Plates 4A through 4D; a plate similar to
Plate 7B needs to be developed,
presented, and discussed in this section
as it is associated with Plates 4A through
4D.

Plate 7B will be referenced as requested in the
Final RAP.

Section 8.1

53. LARWQCB 38. Specific Page 75, second bullet needs to
reference a new plate which depicts the
existing and any new monitoring well
locations.

The second bullet on Page 75 will reference Plate
2, which will be updated to show the proposed
locations for Wells MW-2R and MW-3R. Wells
MW-1 and MW-4 are already depicted on Plate 2.

Plate 2
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54. LARWQCB 39. Specific Page 77, last paragraph, first sentence
needs to be rewritten to state that
alternative reducing and stabilizing agents
to be evaluated must be ones presented
in the Regional Board's General WDR
Permit approved list of agents.

The first sentence, last paragraph of Page 77 will
be supplemented with “If necessary, alternative
reducing agents will be evaluated, and only those
listed on the General WDR Permit will be
considered.”

Section 8.2

55. LARWQCB 40. Specific Page 78, Section on Large-Diameter
Auger Mixing/ISCR Permitting, a new
bullet needs to be added that lists the 90-
Day Temporary Haz-Waste Generator
Permit which would be issued by USEPA
and/or DTSC.

A bullet will be added to the Final RAP describing
the 90-Day Temporary Hazardous Waste
Generator Permit that will be required.

Section 8.4

56. LARWQCB 41. Specific Page 80, last paragraph, fourth sentence,
what is the backup plan, if the cleanup-
goals cannot or are not being achieved.
The section needs a discussion on the
backup plan.

Section 8.6 of the Final RAP will be supplemented
with the following: “If cleanup goals are not
achieved during the first treatment by LDA/ISCR in
impacted areas, the treated soil will be re-worked,
and additional reducing/stabilizing agent will be
added to monitor compliance with Site-specific
cleanup goals. If re-working treated soil is
unsuccessful, consideration will be given to
implementing solidification of impacted soil with
cement-only as the treatment to immobilize COCs
in soil, per the following sequence of events listed
below. It should be noted the backup plan
solidification process (for metals impacted vadose
zone soils) includes relatively higher concentrations
of cement than proposed for the buffer zone
beneath the ISCR treatment area. The higher
concentration of cement is intended to increase the
effectiveness of the backup plan treatment.
Without reductive effects, the backup plan is not
preferred to the proposed LDA/ISCR treatment, but
with the engineered cap is a reasonable backup
option.

1. Soil will be treated by LDA/ISCR and
stabilized with cement;

Section 8.5
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2. Confirmation samples of treated soils will
be collected and leach testing will be
performed to verify that leachable
concentrations of metals COCs are below
the established cleanup goals;

3. If leachable concentrations of COCs
exceed respective cleanup goals, then
treated soil will be re-worked in an attempt
to achieve cleanup goals;

4. Confirmation samples of re-treated soils will
be collected and leach testing will be
performed to verify that leachable
concentrations of metals COCs are below
the established cleanup goals;

5. If leachable concentrations of COCs from
re-treated soils persist in exceeding
cleanup goals, then solidification only as a
backup plan will be considered. It should
be noted that proposed cement
stabilization/solidification bench-scale
testing will confirm the potential feasibility
of implementing cement solidification as a
backup plan. It should be noted, cement
solidification will be supplemented with the
installation of an engineered cap that will
further reduce the potential migration of
COCs to groundwater.”

57. LARWQCB 42. Specific Page 82, Section on Health and Safety
Plan and Reporting, the health and safety
plan needs to mention the use of daily
tailgate safety meetings.

Tailgate safety meetings are standard elements of
Kleinfelder’s HASPs. The Final RAP will include
the statement “The HASP will specify that health
and safety tailgate meetings will be required at the
beginning of each work day, and prior to each new
activity.”

Section 8.9
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58. LARWQCB 43. Specific Page 90, Section on Remediation System
Start-Up and Monitoring, an additional
bullet needs to be presented which lists
rebound testing.

Rebound testing will be added as a new bullet in
Section 9.7 and discussed in other relevant
sections of the Final RAP.

Section 9.9

59. LARWQCB 44. Specific Page 91, second paragraph presents
information that Tedlar® bags will be
used to collect samples for TO-15
analyses. A review of the method indicates
that Summa Canisters should be used.
Tedlar® bags are not mentioned in the
method. Need clarification from
laboratories including the laboratory
method indicating State of California
approval of them using the bags in lieu of
the canisters.

Summa canisters, glass bulbs, or syringes will be
used to collect soil vapor samples for US EPA
Method TO-15 analyses, instead of Tedlar® bags,
and text will be updated accordingly in the Final
RAP.

Section 9.9

60. LARWQCB 45. Specific Page 93, Section on Pre-RAP
Implementation, the bulleted lists needs to
include the SVE system operation and
maintenance including the rebound
testing.

Rebound testing will be added to the bullet list for
RAP Implementation, rather than Pre-RAP
Implementation, in the Final RAP. System
operations and maintenance (O&M) are more
appropriate for the RAP Implementation bullet list,
and are already included.

Section 13.4

61. LARWQCB 46. Specific Page 94, Section on RAP Implementation,
the bulleted list needs to include the
HHRA.

An HHRA will be added to the RAP Implementation
bullets list in the Final RAP.

Section 13.4

62. LARWQCB 47. Specific Table 1 needs columns for the following:

1. Timeframe to implement each

alternative

2. Which agency has accepted the
use of the proposed alternative and
where (site, location, contaminants,
were cleanup goals achieved, etc.).

3. Costs: including a range indicating
low, medium, and high

Table 1 of the Final RAP will be supplemented with
the requested information.

Table 1
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63. LARWQCB 48. Specific Table which presents TSFT – Excello
Chrome VI Percent Calculation w/Depth,
which plates present the table's numbers
for each interval presented in this first
column of the table. Need to develop and
present a cross-section that depicts each
interval and the cubic yards to be
removed.

The table in Appendix J will be supplemented in the
Final RAP with references to the Plates used to
calculate the estimated mass of hexavalent
chromium in each specified depth interval (Plates
4A through 4D of the Draft RAP). In addition, a
cross-section Plate will be prepared and annotated
to depict the estimated cubic yards of soil requiring
treatment within each depth interval.

Appendix N

64. US EPA 1. General The following EPA comments provided
in October and December 2009 have still
not been addressed:

US EPA comments from October and December
2009 are addressed below.

NA

65. US EPA 2. General Page 2: Please replace "interrupt" in the
1st sentence with "prevent" to clarify the
remedial goal.

During the July 22, 2010 project meeting with
LARWQCB and US EPA, it was agreed the text
insert should read, “The goal for the RAP is to
prevent future migration of the COCs present in
Site vadose zone soil to underlying groundwater.”

Exec. Summary
Section 2

66. US EPA 3. General Groundwater ingestion by municipal water
customers is a complete pathway.

Based on a telephone conversation with Mr.
Leighton Fong on July 12, 2010, Civil Engineer with
the City of Glendale Water and Power, water
extracted from Well GS-3 is extracted, treated,
blended, and then distributed for consumption by
municipal customers. Therefore, Kleinfelder agrees
the groundwater ingestion by municipal customers’
pathway is a complete pathway. This exposure
pathway is represented on the three dimensional
conceptual site model (Plate 3C). Text of the Final
RAP will be updated with this clarification.

Exec. Summary
Section 5
Plate 3C

67. US EPA 4. General Page 7: Please explain the last sentence
of the 1st paragraph about US EPA.

During the July 29, 2010 project meeting with
LARWQCB and US EPA, it was agreed to delete
this sentence.

NA

68. US EPA 5. General Page 20, 2nd bullet: The last half of the
last sentence states that 1.62 mg/kg is
"well below" hexavalent chromium
residential and industrial risk based soil
screening levels. This is a partially
inaccurate statement, since the current
regional screening level for hexavalent
chromium in residential soil is 0.29 mg/kg.

The 2
nd

bullet on Page 20 will be revised by
removing reference to the residential RSL for
hexavalent chromium in soil. The residential RSL
is not relevant because the proposed
redevelopment of the Site is for
commercial/industrial purposes.

Section 3.3
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69. US EPA 6. General Page 28: Please explain the last sentence
about "US EPA summaries of upgradient
sources."

The last sentence on Page 28 of the Draft RAP
refers to several known off-Site, up-gradient
sources of impact to groundwater, as documented
in several reports issued to regulatory agencies.
These reports include, but are not limited to

 First Five-Year Review Report for San
Fernando Valley - Area 2 Superfund Site,
Los Angeles County, California. US EPA,
August 2008 (5-Year Review).

 LARWQCB's Chromium VI Investigation:
San Fernando Valley Phase I: Inspections
Final Report November 2002 (SFV
Investigation).

The purpose of the last sentence on Page 28 is to
acknowledge that groundwater beneath the Site
appears to be impacted by hexavalent chromium
and TCE from known upgradient sources that are
part of a regional groundwater plume. Figure 3-1
and 3-2 from the 5-Year Review show the presence
of these COCs in groundwater within the Glendale
South Operable Unit (GSOU). Figure 2 from the
SFV Investigation presents the general direction of
groundwater flow through the GSOU, which is
generally south to southeast. These figures imply
that the regional groundwater plume located north
of Colorado Street and up-gradient of the Site is
impacted with hexavalent chromium and TCE and
is potentially influencing conditions beneath the
Site.

The Final RAP will be revised to delete the
reference to “US EPA summaries of upgradient
sources” on page 28 and the text included above
will be added.

Section 4
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70. US EPA 7. General Page 30, table: The industrial Soil RSL
values listed in the table for total and
hexavalent chromium are listed
incorrectly. The current total chromium
industrial soil RSL should be listed as NV
(no published value), not 1,400 mg/kg.
Since the current RSLs list industrial soil
values for trivalent and hexavalent
chromium but not for total chromium.
The current hexavalent chromium
industrial soil RSL should be listed as 5.6
mg/kg not NV.

The table on Page 30 of the Draft RAP will be
updated in the Final RAP with values from the US
EPA May 2010 RSLs table. The May 2010 RSLs
table was issued after submittal of the Draft RAP;
therefore, updates to this table are required.

Section 4.1

71. US EPA 8. General Page 34: EPA believes that, in addition to
the refinement of VOC asymptotic levels
per Regional Water Quality Control Board
specific comment 28, a health-based site
specific cleanup goal for VOCs should be
developed, with consideration of the
influence of contaminated regional
groundwater. This is necessary to
evaluate whether the proposed
asymptotic levels would potentially allow
the site to continue as a source of VOC
contamination to groundwater.

Commercial/industrial CHHSLs will be the target
cleanup goals in the shallow vadose zone (i.e., less
than 25 feet bgs) to protect human health; however,
it may not be possible to achieve these
concentrations using conventional SVE. If PCE
and TCE vapor concentrations exceeding
commercial/industrial CHHSLs persist in the soil,
engineering and/or administrative controls to
mitigate human health risks associated with
intrusion of residual PCE and TCE vapors into a
future building, or exposure to on-Site workers, will
be considered.

As discussed in the response to LARWQCB
Specific Comment #25, it is proposed to remove
PCE and TCE from the subsurface to the practical
limits of SVE technology. Following completion of
SVE activities, a soil gas survey will be conducted
in the shallow vadose zone following shut down of
the SVE system. Results of the soil gas survey will
be used to conduct an HHRA for the intended Site
use. The need for implementation of administrative
and/or engineering controls at the Site will be
considered based on results of the HHRA.

Exec. Summary
Section 4
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A substantial modeling effort for numerous possible
Site building scenarios was included in the Draft
RAP, in Section 5.5, to address potential health
risks to future occupants of an on-Site building,
should one be constructed. In addition, a
discussion of vapor-water partitioning at the vadose
zone/groundwater table interface was included in
Section 5.6 to highlight that regional groundwater
impact will continue to be a source of PCE and
TCE off-gassing into the vadose zone, even after
soil and soil vapor remediation, and will likely
prevent achieving commercial/industrial CHHSLs in
the deeper vadose zone (i.e., deeper than 25 feet
bgs) via SVE. A comparison of vapor-water
partitioning calculation results to J&E modeled risk-
based concentrations in soil vapor below future
buildings indicates that current concentrations of
PCE in the regional groundwater plume are
expected to present a vapor intrusion threat for
several future building scenarios. The Site-specific
remedial goals and activities proposed in the RAP
are intended to mitigate potential impact to
groundwater by PCE and TCE in the vadose-zone;
however, until the regional dissolved-phase PCE
and TCE are addressed, achieving these goals is
unlikely.

PCE and 1,1,1-TCA soil vapor concentrations at
the Site currently do not appear to be contributing
to the regional groundwater plume. This statement
is made for PCE based on results of vapor-water
partitioning calculations performed. 1,1,1-TCA was
not reported during recent groundwater monitoring
for the Site and was not detected or was detected
just above detection limits in soil vapor samples
collected at 30 feet bgs. However, based on the
groundwater and soil vapor results reported for the
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Site, it appears TCE may be contributing to the
regional groundwater plume.

As stated above, SVE will be implemented to
remove as much mass from the subsurface as is
practical, to reduce potential impact to groundwater
by PCE and TCE in soil and soil vapor. The table
below shows the approximate soil vapor
concentrations that must be achieved in soil vapor
(C-VOCv) by SVE to reduce the likelihood that
vapor-water partitioning of the VOCs modeled
would result in groundwater concentrations
exceeding respective MCLs, with the assumption
the groundwater beneath the site is un-impacted by
the VOCs modeled. CHHSLs are the target
cleanup goals for PCE and TCE in soil vapor. The
C-VOCv values for PCE and TCE, based on
Henry’s Law, are greater than respective CHHSLs;
therefore by achieving CHHSLs for these COCs,
groundwater would be protected.

COC H’
(constant)

MCL
(µg/L)

C-VOCv
(µg/L)

CHHSL
(µg/L)

PCE 0.754 5 3.77 0.603
TCE 0.421 5 2.11 1.77
1,1,1-TCA 0.705 200 141 2790

Where C-VOCv = H’ x MCL, per Henry’s Law.

As stated above, 1,1,1-TCA was not detected in
groundwater during a recent groundwater
monitoring event, and was not detected or was
detected just above detection limits in soil vapor
samples collected at 30 feet bgs; therefore, 1,1,1-
TCA in soil vapor does not currently appear to be a
threat to groundwater.



101942/IRV10R214 Page 27 of 49 September 16, 2010
Copyright 2010 Kleinfelder

Responses to Agency Comments to Draft Remedial Action Plan for
The Spirito Family Trust – Former Excello Plating Co., Inc. Facility

(4057 and 4059 Goodwin Avenue, Los Angeles, CA)

Overall
Comment Agency

Specific
Comment Agency Comment Response

Final RAP
Location

72. US EPA 9. General Paragraph 3: What are the VOC SSLs
and do they also address pathways to on-
site workers?

Commercial/industrial CHHSLs will be the target
cleanup goals in the shallow vadose zone (i.e., less
than 25 feet bgs); however, it may not be possible
to achieve these concentrations using conventional
SVE. If PCE and TCE vapor concentrations
exceeding commercial/industrial CHHSLs persist in
the soil, engineering and/or administrative controls
to mitigate human health risks associated with
intrusion of residual PCE and TCE vapors into a
future building, or exposure to on-Site workers, will
be considered.

Section 4.4

73. US EPA 10. General Page 41: The Cr6 cleanup goal is above
the Cr6 industrial RSL. Although the 2
mg/kg, value was used in equation Need
to review and provide an explanation as to
why the proposed total Cr cleanup goal will
protect human health and the environment
and provide groundwater protection.

A hexavalent chromium concentration of 2 mg/kg
in soil was not used to calculate a Site-specific
SSL for the Site. Equation 10, on Page 41,
calculates SSLs using Site-specific parameters as
input values, with the key input value being the
target groundwater cleanup goal. In this case, the
US EPA MCL for total chromium of 100 µg/L was
used as an input value for a frame of reference,
because its use results in an SSL of 2 mg/kg
hexavalent chromium in soil. The calculation of
this SSL, based on generic input values, was not
intended to imply the calculation of a Site-specific
cleanup goal. This calculated, generic SSL is
consistent with the cleanup goal requested by
LARWQCB in a letter to The Spirito Family Trust,
dated October 31, 2007. The soil/water
partitioning coefficient (Kd) for hexavalent
chromium was used in Equation 10, to account for
the solubility of hexavalent chromium, and allow
the calculation of an SSL for hexavalent chromium
using the total chromium Cw value of 100 µg/L.
This is the methodology used within the SSG to
calculate SSLs, and emulated in the Draft RAP.

The Site-specific SSL proposed in the Draft RAP is
based on the City of Glendale Voluntary Cleanup
Goal of 5 µg/L of hexavalent chromium in

Exec. Summary
Section 4.4
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groundwater, which results in a more conservative
SSL than the SSLs generated by use of the US
EPA MCL or Cal EPA MCL for total chromium.

The proposed Site-specific cleanup goal for
hexavalent chromium in soil included in the Draft
RAP (7.4 mg/kg) was calculated based on Site-
specific input parameters. Although this value was
modeled to be protective of groundwater, and
based on conservative model inputs, during the
August 26, 2010 project meeting with LARWQCB
and US EPA, it was agreed to adopt the industrial
RSL for hexavalent chromium in soil (5.6 mg/kg) as
the Site-specific cleanup goal for hexavalent
chromium in the Final RAP. However, the Site-
specific SSLs for total chromium, cadmium, and
nickel proposed in the Draft RAP as cleanup goals
will be presented in the Final RAP as the cleanup
goals for these constituents.

74. US EPA 11. General Page 42: The cadmium cleanup goal is
above the cadmium industrial RSL. Need
to review and provide an explanation as
to why the proposed total Cr cleanup
goal will protect human health and the
environment and provide groundwater
protection.

A final list of COCs will be added to the Executive
Summary to ensure it is clear what constituents are
and are not considered COCs. Justification will be
provided for elimination of constituents as COCs.

Equation 10 shown on Page 41 (from the US EPA’s
SSG) was used to calculate the Site-specific SSL
for cadmium presented on Page 42 using Site-
specific parameters as input values, with the key
input value being the target groundwater
concentration. Thus, the Site-specific cleanup goal
proposed for cadmium in soil in the Draft RAP is
based on the Cal EPA MCL of 5 µg/L and is
therefore expected to be protective of groundwater.

Residual concentrations of cadmium in soil
exceeding the industrial RSL, but less that the site
specific SSL and not treated by LDA/ISCR and

Section 4.4
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cement stabilization, will be addressed by
administrative and/or engineering controls. In
addition, the surface of the Site will consist of a
parking apron, and/or engineered cap, which will
render potential exposure pathways to receptors
incomplete.

75. US EPA 12. General Page 46: The total Cr cleanup goal of
46,000,000 mg/kg is above the Cr3
industrial RSL of 1,500,000 mg/kg. The
cleanup goal does not seem to be
reasonable. Based on the calculation,
please provide a technical explanation
how onsite soil could contain (i.e., hold
within soil pores) a concentration of
46,000,000 mg/kg. Based on this
information, the cleanup level should be
reviewed and an explanation as to why
the proposed total Cr cleanup goal can
be technically feasible and how the
goal will protect human health and the
environment and provide groundwater
protection.

The total chromium cleanup goal presented on
page 46 of the Draft RAP was calculated using
Equation 10 on Page 41, and is a theoretical value
only, as is the industrial RSL of 1,500,000 mg/kg for
trivalent chromium. These values were calculated
using Equation 10 (from the US EPA’s SSG) which
incorporates Site-specific parameters as input
values, with the key input value being the target
groundwater concentration. The theoretical values
represented by the Site-specific SSL for total
chromium and industrial RSL for trivalent chromium
are not likely to occur in nature and would occur
only where there were more metal constituents
than soil particles, are not expected at the Site, and
demonstrate how insoluble total chromium and
trivalent chromium are.

The Kd value within Equation 10 is another
important input parameter, which is an indicator of
the relative solubility of each specific COC. The Kd
value for total chromium is roughly five orders of
magnitude higher than for hexavalent chromium,
which demonstrates the relatively lower solubility of
total chromium.

The Site-specific SSL proposed for total chromium
in soil in the Draft RAP is based on the Cal EPA
MCL of 50 µg/L and is therefore expected to be
protective of groundwater. Previously detected
concentrations of total chromium in soil are several
orders of magnitude below both the Site-specific
SSL and industrial RSL values.

Section 4
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Implementation of LDA/ISCR with cement
stabilization, followed by installation of a parking
apron and/or engineered cap will provide
protection to human health and the environment by
rendering exposure pathways incomplete.

The site assessment data suggests that the
residual concentrations of total chromium in soil at
the site do not exceed the industrial RSL for
trivalent chromium and are several orders of
magnitude below the Site-specific SSL for
protection of groundwater.

This clarification will be highlighted in the Final
RAP .

76. US EPA 13. General Page 74: The Cr6 contaminated area at
the rear of the property is not addressed
in this section or in Plates 6 and 7A. An
explanation needs to be provided why this
area is not to be remediated.

The purpose of the engineered cap, as shown on
Plate 6, is to provide surface cover above the buffer
zone where only cement stabilization will be used
to treat the metals impacted soil. The buffer zone
will be installed between 35 and 45 feet bgs, within
the 5.6 mg/kg hexavalent chromium iso-contour
(Plate 6). The cap will be designed to overlap this
zone by as much as 50 feet on all sides. The cap
is not intended to cover the entire lateral extent of
metals-impacted soil. It is intended only to cover
the area above the buffer zone with the specified
overlap.

The area referred to in the comment, on Plate 7A,
is located within the iso-contours for hexavalent
chromium exceeding 2 mg/kg in soil, near borings
K-35 and K-36. The maximum concentration of
hexavalent chromium in those borings was 2.11
mg/kg (K-36) at 5 feet bgs and 2.42 mg/kg (K-35) at
10 feet bgs. These concentrations are below the
proposed Site-specific cleanup goal for hexavalent
chromium in soil; therefore, the area was not
proposed for remediation.

Section 8.1
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77. US EPA 14. General Page 92: EPA should be copied on all
project plans and reports.

The US EPA will be copied on all future project
plans and reports.

NA

78. US EPA 1. Toxicologist The authors state that they are not
proposing to clean up VOCs to a risk-
based concentration (e.g., California
Human Health Screening Levels
[CHHSLs]). They claim that TCE/PCE
concentrations in groundwater (when
converted to soil gas concentrations,
using a partition factor known as Henry's
Law) exceed CHHSLs. And, that they
would be unable to achieve a CHHSL
until the groundwater is cleaned up. True,
but this is at the water/soil interface at
depth. Soil vapor concentrations in
shallow soils (5-20 feet) would be
expected to be less than the CHHSLs in
areas where there is no soil contamination
and groundwater is the only contributor to
the vapor intrusion pathway (VIP).
Otherwise, CHHSLs in shallow soils would
be exceeded throughout Southern
California and this is not the case as far as
I am aware.

The discussion on vapor-water partitioning at the
vadose zone/groundwater table interface was
provided in the Draft RAP to highlight that regional
groundwater impact will continue to be a source of
PCE and TCE off-gassing into the vadose zone,
even after soil and soil vapor remediation, and will
likely prevent achieving commercial/industrial
CHHSLs in the deeper vadose zone (i.e., deeper
than 25 feet bgs) via SVE.

Commercial/industrial CHHSLs will be the target
cleanup goals in the shallow vadose zone (i.e., less
than 25 feet bgs); however, it may not be possible
to achieve these concentrations using conventional
SVE. If PCE and TCE vapor concentrations
exceeding commercial/industrial CHHSLs persist in
the soil, engineering and/or administrative controls
to prevent vapor intrusion will be considered.

As discussed in the response to LARWQCB
Specific Comment #25, it is proposed to remove
PCE and TCE from the subsurface to the practical
limits of SVE technology. A soil gas survey will be
conducted in the shallow vadose zone following
shutdown of the SVE system. Results of the soil
gas survey will be used to conduct an HHRA for the
intended Site use. The need for implementation of
administrative and/or engineering controls at the
Site will be considered based on results of the
HHRA and future Site use.

Section 4.2

79. US EPA 2. Toxicologist After discounting risk-based cleanup
standards for VOCs (see above), the
authors state that they will run SVE until
concentrations reach an asymptote.
However, it is anticipated (and
acknowledged in the report) that the

Commercial/industrial CHHSLs will be the goal for
PCE and TCE in the vadose zone; however, these
may not be achievable. As discussed in the
response to LARWQCB Specific Comment #25, it
is proposed to remove PCE and TCE from the

Section 4.4
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asymptotic level would likely exceed a risk-
based cleanup standard that is based on
vapor intrusion. It is noted that SVE
alone may not be sufficient to reach a
risk-based concentration that addresses
the VIP. Enhanced SVE (e.g. "steam
injection") can lower the asymptotic
concentrations and provide a cleanup goal
closer to a risk-based criteria for VOCs in
subsurface. However, SVE enhancements
are not considered in this report since the
authors have ruled out the possibility of
achieving risk-based concentrations until
groundwater is cleaned up.

subsurface to the practical limits of SVE
technology.

The cost for SVE enhancements, such as steam,
would be prohibitive in comparison to engineering
controls that could be implemented to inhibit vapor
intrusion into a future building.

80. US EPA 3. Toxicologist Aside from that, the presumptive
remedy the authors cite for VOCs was
published in 1993. There have been a lot
of improvements in VOC subsurface
remediation technologies since then and I
question the relevance of the
presumptive remedy document that is
cited 17 years later: Is SVE still
considered a presumptive remedy for
VOCs in soil today?

The original issue date of SVE as a presumptive
remedy for VOCs was 1993, later updated in 1996
(United States Office of Environmental Protection
Solid Waste, Directive No. 9355.0-63FS and EPA
540/F-96/008 Agency Emergency Response PB
96-963308, July 1996 4HA User’s Guide to the
VOCs in Soils Presumptive Remedy). Also, SVE is
currently listed on the US EPA webpage as a
presumptive remedy for VOCs in soil.

NA

81. US EPA 4. Toxicologist The report derives a range of risk-based
screening levels using Johnson and
Ettinger (J&E) vapor intrusion model for a
variety of commercial settings. This is
useful information.' As mentioned, these
risk-based concentrations may not be
achieved using conventional SVE. In any
case, if a building is placed on this
property, it should: 1) incorporate
engineering controls to address VIP; and,
2) test the indoor air for site contaminants
to confirm that the VIP is under control
and does not pose a health risk for
occupants of an on-site building. We

It is our understanding that LARWQCB and the
prospective purchaser will negotiate an agreement
regarding deed restrictions and institutional controls
necessary for the Site. As discussed in the
response to LARWQCB Specific Comment #25, it
is proposed to remove PCE and TCE from the
subsurface to the practical limits of SVE
technology. A soil gas survey, with samples
collected in summa canisters, glass bulbs, or
syringes, will be conducted in the shallow vadose
zone (i.e., less than 25 feet bgs) following shut
down of the SVE system. Results of the soil gas
survey will be used to conduct an HHRA for the
intended Site use. The need for implementation of

9.9
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should have this requirement included as
part of an institutional control for the
property.

administrative or engineering controls at the Site
will be considered, if necessary, based on results of
the HHRA and future Site use.

82. US EPA 5. Toxicologist According to the RAP, "the future intended
use of the Site is contemplated to be a
driveway and apron for the parking,
maneuvering, and loading and unloading of
trucks". Building a parking lot helps reduce
direct contact with soil contaminants and
also reduces the leaching of
contaminants to groundwater. However, it
may also prevent the off-gas of VOCs to
the outdoor air. This can have two
undesired effects: 1) increase vapor
intrusion into on-site buildings since
buildings provide a mechanism for VOCs
to "escape" from the subsurface; and, 2)
increase lateral migration of soil vapors to
the perimeters of the parking lot and to off-
property locations. These potential
undesired effects would become important
once SVE is shut down and no longer acts
to depressurize on-site soils.

As discussed in the response to LARWQCB
Specific Comment #25, we propose to remove PCE
and TCE from the subsurface to the practical limits
of SVE technology. A soil gas survey will be
conducted in the shallow vadose zone following
shut down of the SVE system. Results of the soil
gas survey will be used to conduct an HHRA for the
intended Site use. The need for implementation of
administrative or engineering controls at the Site
will be considered, if necessary, based on results of
the HHRA and future Site use.

There is uncertainty as to how vapors will behave
after the Site has been redeveloped. Buildings do
not necessarily create “escape” pathways and
vapors will not necessarily migrate as indicated in
point “2)”of the comment. As discussed above,
administrative and engineering controls will be
considered, and implemented if necessary to
address potential migration of PCE and TCE into
an on-Site building, or off-Site properties.

Section 9.9

83. US EPA 6. Toxicologist The conceptual model mentions off-site
residential exposures to dust during site
construction. Do off-site residents also
need to be evaluated with respect to the
VIP? EPA's draft vapor intrusion
guidance (2002) recommends applying a
100 foot distance from the source as a cut
off criteria for evaluating vapor intrusion.
Are residents located within 100 feet of the
property boundary?

An evaluation of the residential scenario for the
nearest residence will be included in the Final RAP.

Section 4.2
Appendix J

84. US EPA 1. Contractor General Comment: Frequency of
reference citations was inconsistent. In
several locations, reports, letters, or
CAOs were mentioned, but references to

References will be cited more frequently and
consistently in the Final RAP.

Global
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those documents were difficult to find.
While it is not necessary to cite a reference
multiple times in the same paragraph, or
even section, it would be helpful to
provide reference citations when such
documents are referred to in a new
section or perhaps several Pages after the
initial citation.

85. US EPA 2. Contractor Section 3.4, Table on Page 30: The
source of the Industrial Soil RSLs for total
and hexavalent chromium referenced in
the table is unclear. The values in the
table don't appear to correspond with the
December 2009 RSL table from EPA.
Please explain.

The table on Page 30 will be updated in the Final
RAP with values from the US EPA May 2010 RSLs
table.

Section 4.1

86. US EPA 3. Contractor Section 3.4, Table on Page 31: The
source of the Soil Vapor CHHSLs for
1,1,1-TCA, PCE, and 1,2-DCE referenced
in the table is unclear. The values in the
table appear to be different from the 2005
CHHSLs provided by DTSC by a factor
of 1,000, perhaps due to a mismatch of
units. Please check. Also, why aren't
December 2009 EPA RSLs for Industrial
Air shown on the Page 30 table and
compared to concentrations detected at
the site? RSLs are available for the three
VOCs on the table that currently list
"NV" values. The paragraph at the
bottom of Page 30 indicates that "VOCs
that consistently exceeded their respective
Industrial RSLs and/or
Commercial/Industrial CHHSLs were
selected as primary COCs for the Site."
However, it is not apparent where
detected VOC concentrations are
compared to Industrial RSLs.

In the Final RAP, the table on Page 31 will be
updated with values from the US EPA May 2010
RSLs table, and units for the soil vapor CHHSLs
will be reviewed and corrected, if necessary.

Section 4.1
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87. US EPA 4. Contractor Section 5.3, Page 40 ("Equation 10 —
SSL Partitioning Equation..."): The soil
Screening Level formula appears to have
a typographical error. It is our
understanding that the sum of water-filled
porosity and air-filled porosity times
Henry's Law constant should be divided by
dry soil bulk density, and that appears to
be how the calculations were performed.
As written on Page 40, the equation implies
that all terms to the left of the division
symbol should be divided by bulk density.
Please check and correct, as appropriate.

Equation 10 contains a typographical error in the
text, which will be corrected in the Final RAP.

Section 5.3

88. US EPA 5. Contractor Section 5.3, Page 41 ("Equation 10
Results"): Why was the USEPA total
chromium MCL of 100 µg/L applied to the
total chromium Soil Clean-Up Goal instead
of the California MCL of 50 µg/L?

Equation 10 calculates SSLs using Site-specific
parameters as input values, with the key input
value being the target groundwater cleanup goal.
The Site-specific SSL proposed in the Draft RAP is
based on the City of Glendale Voluntary Cleanup
Goal of 5 µg/L for hexavalent chromium in
groundwater, which is more conservative than
SSLs generated by use of the US EPA MCL or Cal
EPA MCL for total chromium.
The US EPA MCL for total chromium of 100 µg/L
was used as an input value for a frame of
reference, because its use results in an SSL of 2
mg/kg hexavalent chromium in soil. This SSL is
consistent with the cleanup goal requested by
LARWQCB in a letter to The Spirito Family Trust,
dated October 31, 2007.

The Final RAP will be revised to eliminate
equations and input values not being used so as to
avoid confusion. In addition, more details regarding
the use of Equation 10 to calculate SSLs will be
included in the Final RAP.

Section 4.2
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89. US EPA 6. Contractor Why are dilution factors applied to the
Equation 10 results on Pages 41 and 42?
In Kleinfelder's responses to comments to
the "Site-Specific Clean-Up Goals RAP"
prepared for the Site in November 2009,
Kleinfelder states "By using a MCL as Cw
(target soil leachate concentration), we
are assuming no dilution; therefore, this is
a conservative assumption."

Equation 11 was used to derive a Site-specific
dilution factor for leached COCs reaching
groundwater. The results of Equation 11 are based
on Site-specific parameter input values, such as
infiltration rate (I), groundwater gradient (i), aquifer
hydraulic conductivity (K), and source length (L).
Part of the process for calculating Site-specific
cleanup goals is calculation of a dilution factor that
is representative of site-specific conditions, and in
particular, the parameters listed in the previous
sentence. As described in the SSG User’s Guide,
and our “Site-Specific Cleanup Goals Workplan”
dated November 19, 2009, the results of Equation
10 are multiplied by the results of Equation 11 to
calculate a Site-specific cleanup goal.

More details regarding the use of Equations 10 and
11 to calculate SSLs will be included in the Final
RAP.

Section 4.2

90. US EPA 7. Contractor Why weren't Soil Clean-Up Goals
calculated assuming RSLs or risk-based
SSLs (from the EPA December 2009 RSL
table), as indicated in the "Site-Specific
Clean-Up Goals RAP" prepared for the
Site in November 2009? It would be
useful to compare results based on risk-
based screening levels to results based
on MCLs.

The variable input values used to calculate Site-
specific SSLs via Equation 10 are the target
concentrations for COCs in groundwater, or Cw; in
this case the City of Glendale Voluntary Cleanup
Goal, or Draft PHG, for hexavalent chromium, and
MCLs for total chromium, nickel, and cadmium.
Risk-based SSLs and MCL-based SSLs are not
appropriate as input values within equation 10. A
comparison of Site-specific SSLs to risk-based
SSLs and MCL-based SSLs from the US EPA May
2010 RSLs table will be included in the Final RAP.

Section 4.2

91. US EPA 8. Contractor Section 5.3, Page 45 ("Equation 14
Results"): Why weren't Soil Clean-Up
Goals calculated assuming RSLs or risk-
based SSLs (from the EPA December
2009 RSL table), as indicated in the
"Site-Specific Clean-Up Goals RAP"
prepared for the Site in November 2009? It
would be useful to compare results based

During the July 22, 2010 project meeting with
LARWQCB and US EPA, it was agreed to delete
Equation 14 and provide an explanation as to why it
was removed from the Final RAP.

NA
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on risk-based screening levels to results
based on MCLs.

92. US EPA 9. Contractor Section 5.4, Page 46: This section
never explains why the "Mass Limited
SSLs" calculated using Equation 14 are
not chosen as the proposed cleanup
goals for the site. It should be noted that
according to Section 5.3 (Page 39):
"Equation 14 allows the calculation of
mass-limited SSLs, accounting for the
overly conservative assumptions used to
simplify SSLs in calculations of Equation
10." Therefore, Equation 14 would be
expected to yield higher values than
Equation 10, yet it does not. Please
explain.

During the July 22, 2010 project meeting with
LARWQCB and US EPA, it was agreed to delete
Equation 14 and provide an explanation as to why it
was removed from the Final RAP.

In Kleinfelder’s opinion, Equation 14 was not
intended for application to small source areas. As
the source area becomes smaller (i.e., smaller
value of “ds”) the SSL increases and vice versa.
Because the Site’s source area has a relatively
large value for “ds,” we believe it is inappropriate to
apply Equation 14 to this Site.

NA

93. US EPA 10. Contractor Section 5.4, Page 46: It is not clear
whether the proposed clean-up goals for
metals in soil in the bullet list on Page 46
are appropriate, given the concerns listed
above. Until these issues are resolved,
these clean-up goals should not be
accepted.

In Kleinfelder’s opinion, the calculated Site-specific
SSLs are appropriate, in part because they were
calculated using US EPA’s SSG and Site-specific
input parameters for soil, such as infiltration rate (I)
and aquifer hydraulic conductivity (K), used by the
LARWQCB in regional groundwater models. Site-
specific SSLs were calculated in accordance with
the US EPA SSG, and as described in Kleinfelder’s
“Site-Specific Cleanup Goals Workplan,” dated
November 19, 2009.

Section 4.2
Appendix I

94. US EPA 11. Contractor Section 5.4, Page 46: The explanation for
the target groundwater concentration of 5
µg/L is incomplete. It does not discuss
incremental human-health risks, nor does it
mention existing concentrations of
hexavalent chromium in groundwater.
Furthermore, the discussion of how 8.3
µg/L is a de facto MCL for hexavalent
chromium neglects the fact that in
Glendale, nearly 100 percent of dissolved
chromium in groundwater typically
occurs in the hexavalent state, rather

The cleanup goal of 5 µg/L hexavalent chromium in
groundwater is based upon the Voluntary Cleanup
Goal established by the City of Glendale. An MCL
has yet to be established for hexavalent chromium
by US EPA or other agencies, although we
understand California regulates hexavalent
chromium according to the total chromium MCL of
50 µg/L.

We believe use of the City of Glendale Voluntary
Cleanup Goal for hexavalent chromium is
appropriate because it’s applied to groundwater

Section 4.2
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than the 1:6 hexavalent to trivalent ratio
of chromium assumed to naturally occur
in groundwater. Please provide further
explanation of how the 5 1 µg/L target
concentration will be protective of human
health.

after it has passed through the City’s water plant
blending system. By using this criterion as an input
into the equations that are used to derive a soil
cleanup level, implementation of the RAP is
intended to limit hexavalent chromium impact to the
groundwater from vadose soils on this Site to a
level acceptable to the City of Glendale Department
of Water and Power as a source of supply for its
municipal water system, which groundwater the
City may further treat or blend before delivery
(thereby further reducing concentrations of
hexavalent chromium). At the request of the
LARQWCB, this cleanup level was used as an
input value for the calculation of Site-specific SSLs.
During the July 22, 2010 project meeting with
LARWQCB and US EPA, it was agreed to contact
the City of Glendale in an attempt to obtain further
explanation as to how the voluntary cleanup goal
was established. On September 7, 2010,
Kleinfelder contacted Mr. Leighton Fong of the City
of Glendale to request additional information that
would explain the basis for Glendale’s voluntary
cleanup goal (VCG) for Cr

6+
in groundwater

extracted for municipal consumption. Mr. Fong
provided minutes from the City Council meeting
held on January 29, 2002, which established the
VCG for Cr

6+
.

In groundwater; however, no derivation information
was available.

The discussion of “8.3 µg/L” will be removed from
the Final RAP.

95. US EPA 12. Contractor Section 5.5, general comment: Use of the
advanced version of the Johnson & Ettinger
model is generally discouraged by DTSC
due to the significant uncertainties and the
wide range of results that can be obtained

Based on the experience of Kleinfelder’s risk
assessment staff, the advanced version of the J&E
Model does not typically underestimate indoor air
concentrations, but rather generally agrees with
measured indoor air concentrations, or slightly

Section 4.2
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by changing select input parameters. For
example, the results for TCE screening
levels in shallow soil gas at 5 feet bgs
range from 1,000 to 58,000 ug/m

3
at the

Excello site depending on building size.
Due to this considerable uncertainty, an
uncertainty analysis of the results should
be provided.

overestimates them. Based on these assumptions,
we believe an uncertainty analysis is unwarranted.

96. US EPA 13. Contractor Section 5.5, general comment: The
term "non-cancer hazard" should be
globally changed to "non-cancer hazard
quotient".

“Non-cancer hazard” will be globally changed to
“non-cancer hazard quotient” in the Final RAP.

Section 4.2
Global

97. US EPA 14. Contractor Section 5.5, Page 47: The end of 3
rd

paragraph states, "Kleinfelder has
developed Site-specific screening levels
in a manner consistent with DTSC
vapor intrusion guidance." Include a
reference to the DTSC guidance.

A reference will be added to the Final RAP as
requested.

Section 4.2

98. US EPA 15. Contractor Section 5.5, Page 48: The text incorrectly
states that OEHHA toxicity criteria were
incorporated into the EPA version of the
Johnson and Ettinger model. The
OEHHA reference concentration for
1,1,1-TCA is 1 mg/m

3
. A reference

concentration of 5 mg/m
3
, based on IRIS,

was used in the model. Since this IRIS
toxicity value is the value provided in the
DTSC version of the Johnson and
Ettinger model, it is the appropriate
value to use. However, the text should
be revised to clarify this.

Text of the Final RAP will be revised to be more
specific regarding the sources of model inputs.

Section 4.2

99. US EPA 16. Contractor Section 5.5, Pages 48 and 52: Text
states that "The Site-specific SSLs
represent soil vapor concentrations that
yield a 1x10

-6
cancer risk for those

volatile COCs classified as
carcinogens..." However, the site-
specific screening levels for carcinogens

The Final RAP will include a more detailed
discussion of SSLs calculations and clarification will
be provided as requested.

Section 4.2
Appendix I
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were calculated based on a cancer risk
of 5x10

-7
to account for the potential

cumulative risk of the two carcinogenic
COCs (TCE and PCE). This is discussed
on Page 52, but should be clarified on
Page 48 and also in the screening level
equation for cancer risk provided on Page
52.

100. US EPA 17. Contractor Section 5.5, Page 49: DTSC guidance
recommends using a value of 5.0x10

-3
for

the Crack-to-total area ratio in the J&E
model, rather than allowing the model to
calculate a value. This DTSC recommended
value is hard-wired into the DTSC version
of the J&E model.

Kleinfelder maintains that using the US EPA
version of the J&E Model, with actual Site-specific
data, not default values, is appropriate for the Site.
Kleinfelder calculated Site-specific soil vapor SSLs
for a number of conceptual buildings that we
assumed could potentially be constructed on the
Site, as we proposed to do in our “Site-Specific
Cleanup Goals Workplan,” dated November 19,
2009. An HHRA will be performed after SVE
activities are complete, and based on the results,
engineering controls, such as a vapor barrier, will
be considered.

Section 4.2

101. US EPA 18. Contractor Section 5.5, Page 49: Text states that
"The volume of soil requiring remediation
for volatile COCs is estimated in a
subsequent section of this report.....".
Specify where in the report this is
discussed and which screening levels
were used (since 12 scenarios were
evaluated).

The results of J&E modeling for 12 possible future
building scenarios were not used as a basis for
identifying the volume of soil to be addressed by
SVE. The volume of soil requiring remediation for
volatile COCs was assumed to be the entire
vadose zone beneath the Site. This zone will be
addressed with SVE. This assumption will be
clarified in the Final RAP.

Section 6

102. US EPA 19. Contractor Section 5.5, Page 53: CHHSLs have
been provided for comparison purposes
on the table "Summary of VOC Site-
Specific Screening Levels". The
CHHSL listed for 1,1,1-TCA is incorrect.
The value listed is the Indoor Air
CHHSL. The correct Soil Gas CHHSL for
1,1,1- TCA is 2.79x10

6
.

The table on Page 53 will be reviewed and CHHSL
values corrected in the final RAP where
appropriate.

Section 4.1
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103. US EPA 20. Contractor Section 5.7, Page 56-57: The assertion
that Henry's Law is a reasonable basis
to estimate the vapor concentrations does
not factor in two controlling features of the
transfer of VOCs from groundwater to the
vadose zone: the capillary fringe, across
which aqueous diffusion is the controlling
migration mode; and active diffusion within
the entire volume of the vadose zone.
Together these two factors make it
unlikely that a Henry's Law-based
concentration might reestablish itself,
once SVE has completed the source
removal.

The Henry’s Law calculation was performed to
demonstrate the potential for a continuing source of
PCE and TCE in the vadose zone from the PCE
and TCE -impacted groundwater beneath the Site.
In our opinion, Henry’s Law is a reasonable first
approximation of the PCE and TCE concentrations
just above the groundwater/vadose zone interface.
In the experience of Kleinfelder remedial engineers,
volatilization of PCE and TCE from groundwater
into the vadose above the aquifer can be an
ongoing problem, especially within the 5 to 10 feet
of vadose zone above an aquifer. Also, the natural
fluctuation (rise and fall) of the water table can
contribute to off-gassing of PCE and TCE from
groundwater into the vadose zone. As the water
table falls, impacted groundwater is left in the
capillary fringe, from which PCE and TCE tend to
off-gas into the vadose zone. We believe the
Henry’s Law calculation demonstrated that as long
as there is a regional PCE and TCE issue in
groundwater, there will remain the potential for off-
gassing of PCE and TCE into the vadose zone.

Section 4.2

104. US EPA 21. Contractor Section 5.7, Page 56: In this section, the
CHHSL values are in conflict with
previously stated CHHSLs, apparently due
to a change in units (without a
corresponding change in numerical
value). Please check and correct, if
necessary.

Units will be corrected as appropriate in the Final
RAP.

Section 4.1

105. US EPA 22. Contractor Section 5.7, Page 57: The proposal for
asymptotic monitoring does not specify
whether this would involve wellhead
monitoring or multi-level piezometer
monitoring to determine when an
asymptote has been reached. The
former approach is considered
representative of the zone through which
air moves; it has long been recognized in

Clarification of the process that will be used to
demonstrate asymptotic conditions and diminishing
returns will be included in the Final RAP.

Monitoring for asymptotic conditions will be
performed at both the influent to the SVE system,
as well as at discrete screened intervals of SVE
wells. Rebound testing and additional sampling of
vapors at these locations will be performed.

Section 4.4
Section 9.9
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industry that this zone may or may not
represent the total zone requiring
treatment, which is why monitoring of
multi-level piezometers is a much more
supportable approach. Please further
describe the proposed approach for
monitoring when asymptotic levels will be
met.

Proposed SVE wells will be screened with discrete
intervals from 5 to 25 feet bgs, and 30 to 45 feet
bgs, which will allow for extraction of PCE and TCE
from targeted vadose-zone intervals, and
monitoring of PCE and TCE concentrations at
discrete depth intervals at each wellhead. The SVE
well network will be optimized during the lifecycle of
the SVE system. Optimization will include focusing
extraction on producing wells, and closing non-
producing wells. Asymptotic conditions will be
achieved at each wellhead, and each screened
interval, prior to performing rebound testing.

Boring logs from previous Site assessment
activities indicate that soil in the vadose zone is
primarily coarse grained, and fairly consistent from
surface to groundwater, implying that rate-limited
diffusion of PCE and TCE should not be an issue
that negatively impacts the duration of SVE
activities and rebound testing.

In addition, a soil gas survey will be performed in
the source area of the PCE and TCE vadose-zone
plume to confirm that SVE remedial activities have
been completed. Multi-level piezometers are not
proposed for this Site.

106. US EPA 23. Contractor Section 5.7, Compatibility of SVE and
the in-situ treatment of Cr+6. Plate 8
gives the impression that the SVE
system will extend over the entire site,
including the area where the Cr+6 is to
be stabilized. The sequence of these
actions is not explicitly identified, yet the
feasibility of SVE following stabilization
seems doubtful. Please provide more
information on the sequence of the two
primary remedial actions at the site (SVE

The intent is for the SVE system to address PCE
and TCE across most of the site. Sequencing
remedial activities (SVE and LDA/ISCR) is not a
significant concern based on the iso-contours for
hexavalent chromium depicted on Plates 4A
through 4D, and the iso-contour for TCE on Plate
3A, which show the source areas for metals and
PCE and TCE do not overlap. LDA/ISCR will be
performed in areas of relatively low PCE and TCE
concentrations, which are predominantly in soil
vapor. The PCE and TCE, in areas where

Section 6
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and soil stabilization) and explain how
each remedial method will affect the other.

LDA/ISCR is used to target metal COCs, are
expected to be reduced by mixing with the chemical
reductant.

107. US EPA 24. Contractor Section 7.1, Remedial Alternative
Screening Methodology, Page 58: It
would be helpful to explain in Section 7.1
how the few technologies evaluated for
treatment of metals in soil were selected.
A variety of in-situ treatment methods in
addition to those considered have been
used for hexavalent chromium in the
subsurface, such as in-situ biodegradation
and in-situ chemical reduction using
injection of liquid phase reductants via
wells and solid phase reductants (e.g.,
zero valent iron) via pneumatic or
hydraulic fracturing. Combinations of
treatment methods, such as excavation of
the most highly contaminated soil combined
with in-situ treatment of the less
contaminated soil, have also been used.
Although the technologies discussed in the
draft RAP are applicable to the site, some
of these other technologies could be less
costly or cause fewer secondary impacts
than the methods considered in this RAP.

Additional explanation will be provided for how the
remedial alternatives selected for treating metals in
soils were selected in the Final RAP. Additional
remedial alternatives for the in-situ reduction of
metals, such as Zero-Valence Iron (ZVI), were
screened during the early stages of the project;
however, these were not carried over for further
evaluation based on anticipated technical
feasibility, implementability, and potential
drawbacks of these technologies for the Site. For
example, ZVI is a proven remedial alternative for
use in the saturated zone as part of a permeable
reactive barrier (PRB). For ZVI to work in the
vadose zone, a significant amount of water would
need to be added to the vadose zone, essentially to
the point of saturation, with the potential for flushing
COCs from the vadose zone into groundwater
during the process.

Section 7.2

108. US EPA 25. Contractor Section 7.2, Description of Remedial
Alternatives for Metals in Soil, Pages
59. None of the technologies in this
section discuss the remediation of
cadmium and nickel in soil and how the
technologies will achieve the target
cleanup goals for cadmium and nickel. At
a minimum, statements that the areas of
elevated cadmium and nickel requiring
remediation are co-located with the
hexavalent chromium contamination that
will be treated should be provided. Figures

The Final RAP will discuss that cadmium and nickel
concentrations in soil are below the Site-specific
cleanup goals calculated and proposed in the Draft
RAP, and that cadmium and nickel are not COCs.
In general, cadmium and nickel are co-located with
total chromium and hexavalent chromium, the latter
two of which will drive the cleanup effort. As a
conservative measure, Kleinfelder will re-evaluate
calculations of Site-specific SSLs.

Section 4.2
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showing the locations of elevated cadmium
and nickel would be helpful for this
purpose, as well. If the areas of elevated
cadmium and nickel requiring remediation
are not co-located with the hexavalent
chromium contamination, figures showing
the location of elevated concentrations of
these metals should be provided and
additional information provided regarding
how the cleanup goals for these metals will
be achieved.

109. US EPA 26. Contractor Section 7.2, Description of Remedial
Alternatives for Metals in Soil, Page 59:
It would be helpful to describe common
remedial activities that would be
implemented for all of the active remedies.
For example, it is not explicitly stated but
the reader must assume that the existing
building and foundation slab shown in the
Plates overlying the chromium
contamination will be removed prior to
implementing the LDA soil mixing. It would
be helpful to state what overall activities
(e.g., building demolition, utility
abandonment or relocation) would be
required for implementing the work.

The Final RAP will include a section describing
removal of the building and slab prior to
implementing remedial activities at the Site. In
addition, discussion of pre-building abatement and
removal will be discussed in the Final RAP.
Discussion of known utilities that will require
abandonment or removal prior to, or after, building
demolition, will also be provided.

Section 10

110. US EPA 27. Contractor Section 7.2, Description of Remedial
Alternatives for Metals in Soil, Page 60,
first paragraph: The lengths, widths, and
depths used to estimate the 5,000 cubic
yards to be treated should be provided;
the basis and assumptions used to
calculate the 5,000 cubic yards are not
clear.

The basis for the 5,000 cubic yards of soil will be
provided in the Final RAP.

Section 7.2
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111. US EPA 28. Contractor Section 7.2, Description of Remedial
Alternatives for Metals in Soil, Page
60, third paragraph: The proposed
dimensions of the excavation should be
provided to allow the reader to understand
the basis and assumptions used to
develop the estimated 5,000 cubic yards
to be excavated.

Proposed dimensions of the excavation will be
provided in the Final RAP.

Section 7.2

112. US EPA 29. Contractor Section 7.3, Screening of Remedial
Alternatives for Metals in Soil, Page 62,
first paragraph under LDA Mixing and
ISCR: Were other chemical reductants,
such as zero valent iron (ZVI) or EHC,
considered for reduction of hexavalent
chromium with the LDA mixing? Alternate
reductants may offer advantages over
ferrous iron and CaSx in that they may
provide more electrons, per molecule, for
reduction than ferrous iron, are not as
readily leachable as the sulfide in CaSx,
and would not cause sulfide air emissions.
Alternate reductants to CaSx could be
evaluated during the additional bench-scale
testing that is planned.

No additional bench-scale testing for reducing
agents is proposed. Both CaSx and ferrous iron
were successful in reducing metals COCs during
previous bench-scale testing, have been used at
similar sites, and are included in the General WDR
Permit. ZVI and EHC are similar reducing agents,
and as discussed in response to comment US EPA
Contractor #24, are not preferred technologies for
this application.

The stabilized buffer zone (35 to 45 feet bgs) is
designed to minimize the possibility of CaSx
reaching groundwater, and engineering controls will
be implemented to inhibit sulfide emissions to air.

Section 7.3

113. US EPA 30. Contractor Section 7.3, Screening of Remedial
Alternatives for Metals in Soil, Page 65,
first paragraph under Implementability:
Are underground utilities present within the
target treatment zone that would impact or
interfere with implementation of the LDA
mixing/ISCR remedy?

A discussion of the need to remove or relocate
below-ground utilities will be included in the Final
RAP. Underground utilities are likely present and
will need to be removed and/or replaced.

Section 8.5
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114. US EPA 31. Contractor Section 7.3, Screening of Remedial
Alternatives for Metals in Soil, Page 66,
first paragraph under Costs: Insufficient
information is provided to evaluate the
accuracy of the cost estimate.

Cost estimate calculation summaries will be added
as an Appendix to the Final RAP.

Appendix P

115. US EPA 32. Contractor Section 8.1, Proposed Remedial
Alternative for Metals in Soil, Page 74,
first paragraph: Has the LDA
mixing/ISCR process been applied for
treatment of hexavalent chromium in the
vadose zone at other sites with similar
geology to this site? If so, how successful
was this remedial technology at those
sites?

Case studies will be added as an Appendix to the
Final RAP. This technology has been successfully
applied at sites with similar geology and site
characteristics.

Section 7.3
Appendix O

116. US EPA 33. Contractor Section 8.1, Proposed Remedial
Alternative for Metals in Soil, Page 74,
first paragraph: To mix the soil interval
from 35 to 45 ft below land surface, the
LDA must first pass through and mix the
most contaminated soil situated above this
zone. Please comment on the potential for
the LDA to drag chromium contamination
downward from the shallow vadose zone
into the less contaminated deeper vadose
zone during this process and what factors
would mitigate such downward drag of
contamination.

The Final RAP will be updated with additional
explanation of the LDA/ISCR process. The
explanation will include that soil to 35 feet bgs (in
designated areas) will be treated by ISCR prior to
stabilizing the interval from 35 to 45 feet bgs;
therefore, hexavalent chromium above the 35- to
45-foot interval is expected to be reduced to Cr

3+

prior to stabilizing the 35- to 45-foot zone. This will
preclude the dragging of hexavalent chromium into
the 35- to 45-foot interval. Cement stabilization
bench-scale testing, as proposed in the Draft RAP
and Draft “Cement Stabilization/Solidification
Bench-Scale Treatability Testing Workplan,” will
allow for evaluation of reduced metals COCs
mobility in the 35- to 45-foot bgs interval (i.e., buffer
zone).

Section 8.1

117. US EPA 34. Contractor Table 1 – Page T-1, Column 4, 1
St

bullet:
Because the "Capping Site" option, by
itself, would allow continued migration of
contaminants downward to the aquifer, it
doesn't seem to be equally protective of
human health and the environment as the
other alternatives. Consider changing this
bullet point.

Relative comparison rankings of alternatives, with
respect to evaluation criteria, will be re-assessed in
the Final RAP.

Capping, as a stand-alone approach, is a common
alternative applied to solid waste management
units and landfills, with the intent of reducing
infiltration by stormwater, thereby eliminating the

Table 1
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mechanism for transport of COCs to groundwater.
Removing stormwater infiltration as a leaching and
mobilizing mechanism would significantly reduce
COCs concentrations reaching groundwater. This
option has been identified as providing long-term
effectiveness with proper maintenance and repair
of the cap.

118. US EPA 35. Contractor Table 1 – Page T-1, Column 4, 5
th

bullet:
Because the "Capping Site" option, by
itself, would allow continued migration of
contaminants downward to the aquifer, it
doesn't seem to be effective in the long
term. Consider changing this bullet point.

Relative comparison rankings of alternatives, with
respect to evaluation criteria, will be re-assessed in
the Final RAP.

Capping, as a stand-alone approach, is a common
alternative applied to solid waste management
units and landfills, with the intent of reducing
infiltration by stormwater, thereby reducing the
migration of COCs to groundwater. Removing
stormwater infiltration as a leaching and mobilizing
mechanism would significantly reduce COCs
concentrations reaching groundwater. This option
has been identified as providing long-term
effectiveness with proper maintenance and repair
of the cap.

Table 1

119. US EPA 36. Contractor Table 1– Page T-2, Columns 2a and 2b,
3

rd
bullet: Change "filed" to "field".

Text of the Final RAP will be edited as indicated. Table 1

120. US EPA 37. Contractor Table 1 – Page T-3, Column 1, 3
rd

bullet: Although Alternative 1 has a
"zero" cost, it is ineffective (achieves
limited to no protection of human health
and the environment). Therefore, a rating
for cost effectiveness of "very good"
(numerical value of 4) seems
inappropriate. Recommend changing text
of this bullet point to something like
"Although there are no costs associated

Relative comparison rankings of alternatives, with
respect to evaluation criteria, will be re-assessed in
the Final RAP. However, the cost-effectiveness
category ranking is separate from other evaluation
criteria rankings, and because there are no costs
associated with implementing the alternative, the
ranking in Table 1 and discussion in Section 7.3 are
appropriate.

Table 1
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with this alternative, it does not meet most
of the evaluation criteria. Rank – 0". The
text in Section 7.3 of the RAP, describing
cost effectiveness of Alternative 1, should
be similarly modified.

121. US EPA 38. Contractor Plate 3C: Hexavalent chromium,
cadmium, and nickel in soil and their
relevant migration and exposure pathways
should be shown on the conceptual site
model.

Plate 3C will be updated to clearly show the
relevant migration and exposure pathways in the
Final RAP.

Plate 3C

122. US EPA 39. Contractor Plates 4A through 4D: The extent of
contamination north of boring B-22, in which
the greatest concentrations of hexavalent
chromium in soil were detected, does not
appear precisely defined to the immediate
north of boring B-22. A gap approximately
35 ft wide exists between borings K-24 and
B-38 north of boring B-22. High-level
hexavalent chromium contamination may
extend toward the north in this gap from
boring B-22, beyond the isopleths lines
shown in Plates 4A through 4D. If so, this
could increase the soil area and volume
requiring treatment. The extent of
chromium contamination north of boring B-
22 should be confirmed prior to or during
implementation of the remediation to
ensure that an area of high chromium
contamination is not missed during
remediation.

Confirmation borings will be advanced during
implementation of LDA/ISCR in the effort to assess
and mitigate the vertical and lateral extent of soil
impacted above Site-specific cleanup goals.
Procedures for performing confirmation borings,
sample collection, and analyses will be included in
the Final RAP.

Section 8.5

123. US EPA 40. Contractor Appendix G – Johnson & Ettinger
Modeling Calculations – Table 3 and
Attachment A: The modeled HQ for
1,1,1-TCA for soil vapor at 5 feet bgs,
using the small office scenario, is
1.4x10

-7
. Using the presented

methodology, the screening level should
be 7.1 x10

6
rather than 7.4 x10

6
.

Results of model calculations will be checked and
corrected as necessary during preparation of the
Final RAP.

Section 4.2
Appendix J
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124. US EPA 41. Contractor Appendix I – Bench-Scale Testing
Report – Tables 4 and 5, Page 10 of
Bench-scale Testing Report: These
tables provide analytical results for
hexavalent chromium analysis for soil
using a deionized water extraction and
apparent analysis of the extract
colorimetrically using a Hach colorimeter.
Typically, colorimetric methods are used
for water rather than soil samples.
However, the units in the table for these
results are in mg/kg, indicating the results
are applied to soil samples. It's not clear
how colorimetric results for a liquid extract
sample (with units of mg/L) were applied
to the soil samples (with units of mg/kg).
Additionally, this method is not included in
the list of Analytical methods of the report.
A detailed description of the methodology
of how this analysis was conducted, its
accuracy compared to the standard
laboratory methods listed in Table 3, and
how the results were applied to the soil
samples should be included to allow for
interpretation of the data.

Analysis of hexavalent chromium in soil requires
an extraction step. Our bench-scale testing
contractor, Prima Environmental, Inc. (Prima)
estimated hexavalent chromium in soil using a de-
ionized (DI) extraction method rather than the
alkaline extraction of US EPA Method 7199. The
extract was analyzed for hexavalent chromium
using a Hach colorimeter per US EPA Method
7196. The concentration in the soil was
determined by multiplying the aqueous
concentration by the volume, then dividing by the
mass of soil.

Appendix M

Appendix A: Suggested Deed Restriction Language for the Site
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GLENDALE CITY COUNCIL MEETING MINUTES
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APPENDIX G

PLATES 6A TO 14B FROM 2008

SUPPLEMENTAL SITE ASSESSMENT
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APPENDIX H

TABLES 1 THROUGH 3 FROM 2008

SUPPLEMENTAL SITE ASSESSMENT



TABLE 1
SOIL VAPOR ANALYTICAL RESULTS (GC/MS)

The Spirito Family Trust Parcel
4057 Goodwin Avenue

Los Angeles, California 90039

TCE PCE 1,1-DCE Chloroform 1,1,1-TCA 1,1-DCA 1,2-DCE Other VOCs

KSV1-5 23-Oct-08 5 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV1-15 23-Oct-08 15 1.1 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV1-30 23-Oct-08 29.5 2.1 1.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV2-5 23-Oct-08 5 9.9 5.1 <0.1 <0.1 0.6 <0.1 <0.1 <0.1-0.5

KSV2-15 23-Oct-08 15 6.4 5 <0.1 <0.1 0.6 <0.1 <0.1 <0.1-0.5

KSV3-5 24-Oct-08 5 0.9 0.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV3-15 24-Oct-08 15 3.3 2.5 <0.1 <0.1 0.3 <0.1 <0.1 <0.1-0.5

KSV3-30 24-Oct-08 21.5 3.8 2.5 <0.1 <0.1 0.5 <0.1 <0.1 <0.1-0.5

KSV4-5 24-Oct-08 5 0.3 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV4-15 24-Oct-08 15 2 1.9 <0.1 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV5-5 24-Oct-08 5 0.4 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV5-15 24-Oct-08 15 2.6 1.9 <0.1 <0.1 0.1 <0.1 <0.1 <0.1-0.5

KSV5-30 24-Oct-08 30 3.8 2.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV6-5 24-Oct-08 5 0.9 1.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV6-15 24-Oct-08 15 3.8 3.9 <0.1 <0.1 0.3 <0.1 <0.1 <0.1-0.5

KSV6-30 24-Oct-08 29.5 5.4 4.2 <0.1 <0.1 0.3 <0.1 <0.1 <0.1-0.5

KSV7-5 23-Oct-08 5 6.4 6.4 <0.1 <0.1 1 <0.1 <0.1 <0.1-0.5

KSV7-15 23-Oct-08 15 6.4 6.1 <0.1 <0.1 1 <0.1 <0.1 <0.1-0.5

KSV7-25 23-Oct-08 25 6.3 5.3 <0.1 <0.1 0.8 <0.1 <0.1 <0.1-0.5

KSV8-5 28-Oct-08 5 38 12 <0.1 0.2 4.8 <0.1 <0.1 <0.1-0.5

KSV8-15 28-Oct-08 15 14 6.9 <0.1 0.2 2.6 <0.1 <0.1 <0.1-0.5

KSV8-30 28-Oct-08 30 7.7 4.3 <0.1 <0.1 1.3 <0.1 <0.1 <0.1-0.5

KSV9-5 23-Oct-08 5 20 11 <0.1 <0.1 2.1 <0.1 <0.1 <0.1-0.5

KSV9-15 23-Oct-08 15 9.2 5.8 0.4 0.1 1.5 <0.1 <0.1 <0.1-0.5

KSV9-30 23-Oct-08 30 8.8 5.8 0.4 <0.1 1.1 <0.1 <0.1 <0.1-0.5

KSV10-5 23-Oct-08 5 26 25 0.5 0.5 6.8 <0.1 <0.1 <0.1-0.5

KSV10-15 23-Oct-08 15 15 12 0.3 0.3 5.2 <0.1 <0.1 <0.1-0.5

KSV10-15 dup 23-Oct-08 15 13 14 0.2 0.3 4.5 <0.1 <0.1 <0.1-0.5

KSV10-30 23-Oct-08 30 12 10 0.8 0.1 3 <0.1 <0.1 <0.1-0.5

KSV10-30 dup 23-Oct-08 30 11 9.2 0.6 0.1 2.8 <0.1 <0.1 <0.1-0.5

KSV11-5 23-Oct-08 5 32 54 0.9 0.8 19 <0.1 <0.1 <0.1-0.5

KSV11-15 23-Oct-08 15 20 24 1.1 0.4 8.9 <0.1 <0.1 <0.1-0.5

KSV11-30 23-Oct-08 30 16 16 1.2 0.3 4.1 <0.1 <0.1 <0.1-0.5

KSV12-5 23-Oct-08 5 7.7 11 <0.1 <0.1 2.8 <0.1 <0.1 <0.1-0.5

KSV12-15 23-Oct-08 15 9.1 8.1 <0.1 <0.1 3.1 <0.1 <0.1 <0.1-0.5

KSV12-28 23-Oct-08 28 11 9.8 0.4 0.2 2.2 <0.1 <0.1 <0.1-0.5

KSV13-5 24-Oct-08 5 1.8 3.1 <0.1 <0.1 0.3 <0.1 <0.1 <0.1-0.5

KSV13-5 dup 24-Oct-08 5 1.8 3.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV13-15 24-Oct-08 15 5.4 5.3 0.7 <0.1 0.6 <0.1 <0.1 <0.1-0.5

KSV13-30 24-Oct-08 20.5 5.3 3.3 0.3 <0.1 0.5 <0.1 <0.1 <0.1-0.5

KSV14-5 24-Oct-08 5 0.6 2.4 <0.1 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV14-15 24-Oct-08 15 8.6 8.3 <0.1 <0.1 0.8 0.1 <0.1 <0.1-0.5

KSV14-28 24-Oct-08 28 8.1 6 <0.1 <0.1 0.7 <0.1 <0.1 <0.1-0.5

KSV15-5 28-Oct-08 5 8.1 8.4 0.3 <0.1 2.2 <0.1 <0.1 <0.1-0.5

KSV15-15 28-Oct-08 15 12 10 1 0.2 2.5 <0.1 <0.1 <0.1-0.5

KSV15-30 28-Oct-08 30 12 9 1 0.1 2.2 <0.1 <0.1 <0.1-0.5

KSV16-5 23-Oct-08 5 23 36 0.6 0.5 14 <0.1 <0.1 <0.1-0.5

KSV16-15 23-Oct-08 15 17 18 1.3 0.4 6.3 <0.1 0.4 <0.1-0.5

KSV16-28 23-Oct-08 30 17 14 1.3 0.3 4.1 <0.1 <0.1 <0.1-0.5

KSV17-5 23-Oct-08 5 17 20 <0.1 0.4 4.5 <0.1 <0.1 <0.1-0.5

KSV17-15 23-Oct-08 15 13 10 <0.1 0.2 4 <0.1 <0.1 <0.1-0.5

KSV17-28 23-Oct-08 30 13 11 <0.1 0.2 2.9 <0.1 <0.1 <0.1-0.5

KSV18-5 28-Oct-08 5 17 14 <0.1 0.2 1.1 <0.1 <0.1 <0.1-0.5

KSV18-15 28-Oct-08 15 19 12 <0.1 0.2 1.2 <0.1 <0.1 <0.1-0.5

KSV18-30 28-Oct-08 22 22 15 <0.1 0.2 1.3 <0.1 <0.1 <0.1-0.5

KSV19-5 28-Oct-08 5 30 26 0.5 0.3 3 <0.1 <0.1 <0.1-0.5

KSV19-15 28-Oct-08 15 22 13 0.8 0.2 2.1 <0.1 <0.1 <0.1-0.5

KSV19-30 28-Oct-08 30 18 7.6 0.8 0.1 1.8 <0.1 <0.1 <0.1-0.5

KSV20-5 29-Oct-08 5 8.6 6.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV20-15 29-Oct-08 15 15 9.7 0.7 <0.1 1.3 <0.1 <0.1 <0.1-0.5

KSV20-30 29-Oct-08 30 17 7.8 1 <0.1 1.2 <0.1 <0.1 <0.1-0.5
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K-20

K-13
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K-15

K-16

K-9

K-10
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K-7

K-8

(Results in µg/L)Location

Soil Vapor

Sample ID
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Depth (ft
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TABLE 1
SOIL VAPOR ANALYTICAL RESULTS (GC/MS)

The Spirito Family Trust Parcel
4057 Goodwin Avenue

Los Angeles, California 90039

TCE PCE 1,1-DCE Chloroform 1,1,1-TCA 1,1-DCA 1,2-DCE Other VOCs
(Results in µg/L)Location

Soil Vapor

Sample ID

Date

Sampled

Sample

Depth (ft

bgs)

K-1 KSV21-5 24-Oct-08 5 3.5 3.7 <0.1 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV21-15 24-Oct-08 15 9.4 6.6 0.2 0.1 0.4 <0.1 <0.1 <0.1-0.5

KSV21-30 24-Oct-08 29 10 4.4 <0.1 0.1 0.5 <0.1 <0.1 <0.1-0.5

KSV22-5 24-Oct-08 5 7.3 4.9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV22-15 24-Oct-08 15 16 7 0.6 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV22-30 24-Oct-08 31 22 8.6 1.3 <0.1 0.3 <0.1 <0.1 <0.1-0.5

KSV23-5 29-Oct-08 5 20 9.3 0.3 <0.1 0.5 <0.1 <0.1 <0.1-0.5

KSV23-15 29-Oct-08 15 29 11 0.7 <0.1 0.5 <0.1 <0.1 <0.1-0.5

KSV23-30 29-Oct-08 20.5 30 10 0.8 <0.1 0.5 <0.1 <0.1 <0.1-0.5

KSV24-5 29-Oct-08 5 35 18 <0.1 <0.1 0.8 <0.1 <0.1 <0.1-0.5

KSV24-15 29-Oct-08 15 40 14 <0.1 <0.1 0.8 <0.1 <0.1 <0.1-0.5

KSV24-30 29-Oct-08 30 43 12 <0.1 <0.1 0.7 <0.1 <0.1 <0.1-0.5

KSV25-5 29-Oct-08 5 25 14 <0.1 <0.1 0.4 <0.1 <0.1 <0.1-0.5

KSV25-15 29-Oct-08 15 34 18 <0.1 <0.1 0.7 <0.1 <0.1 <0.1-0.5

KSV26-5 28-Oct-08 5 45 7 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV26-15 28-Oct-08 15 123 20 0.5 <0.1 0.1 <0.1 <0.1 <0.1-0.5

KSV26-30 28-Oct-08 30 132 14 0.6 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV27-5 29-Oct-08 5 34 8.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV27-15 29-Oct-08 15 97 16 <0.1 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV27-30 29-Oct-08 30 98 15 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV28-5 29-Oct-08 5 59 11 0.2 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV28-15 29-Oct-08 14.5 61 8.4 0.3 <0.1 0.2 <0.1 <0.1 <0.1-0.5

KSV29-5 24-Oct-08 5 12 4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV29-15 24-Oct-08 15 32 8.2 0.2 0.2 <0.1 <0.1 <0.1 <0.1-0.5

KSV29-30 24-Oct-08 30 37 9.9 0.4 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV30-5 28-Oct-08 5 17 4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV30-15 28-Oct-08 15 52 8.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV30-30 28-Oct-08 30 69 9.8 <0.1 0.2 <0.1 <0.1 <0.1 <0.1-0.5

KSV31-5 28-Oct-08 5 79 8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV31-15 28-Oct-08 15 180 16 <0.1 0.2 <0.1 <0.1 <0.1 <0.1-0.5

KSV31-30 28-Oct-08 22.5 218 18 <0.1 0.2 <0.1 <0.1 <0.1 <0.1-0.5

KSV32-5 28-Oct-08 5 188 15 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV32-15 28-Oct-08 15 252 18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV32-26 28-Oct-08 26 274 20 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV32-26 dup 28-Oct-08 26 268 19 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV33-5 28-Oct-08 5 80 16 <0.1 0.2 <0.1 <0.1 <0.1 <0.1-0.5

KSV33-15 28-Oct-08 15 181 26 <0.1 0.2 <0.1 <0.1 <0.1 <0.1-0.5

KSV33-30 28-Oct-08 30 212 26 <0.1 0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV34-5 29-Oct-08 5 149 21 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV34-15 29-Oct-08 15 172 15 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV34-28 29-Oct-08 28 168 14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV35-5 29-Oct-08 5 2043 59 <0.1 0.9 <0.1 <0.1 <0.1 <0.1-0.5

KSV35-15 29-Oct-08 15 881 37 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV35-30 29-Oct-08 29.5 539 29 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV35-30 dup 29-Oct-08 29.5 508 26 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV36-5 29-Oct-08 5 452 105 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV36-15 29-Oct-08 15 372 50 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV36-28 29-Oct-08 28 296 34 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV37-5 30-Oct-08 5 137 23 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV37-15 30-Oct-08 15 207 28 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV37-30 30-Oct-08 30 192 15 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV38-5 29-Oct-08 5 266 20 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV38-15 29-Oct-08 15 253 19 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV38-30 29-Oct-08 30 227 18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV39-5 29-Oct-08 5 109 11 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV39-15 29-Oct-08 15 126 13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV39-30 29-Oct-08 30 116 10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV39-30 dup 29-Oct-08 30 116 9.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV40-5 30-Oct-08 5 48 7.7 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV40-15 30-Oct-08 15 62 8.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV40-30 30-Oct-08 30 70 8.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

K-37

K-38

K-39

K-40

K-33

K-34

K-35

K-36

K-29

K-30

K-31

K-32

K-25

K-26

K-27

K-28

K-21

K-22

K-23

K-24
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TABLE 1
SOIL VAPOR ANALYTICAL RESULTS (GC/MS)

The Spirito Family Trust Parcel
4057 Goodwin Avenue

Los Angeles, California 90039

TCE PCE 1,1-DCE Chloroform 1,1,1-TCA 1,1-DCA 1,2-DCE Other VOCs
(Results in µg/L)Location

Soil Vapor

Sample ID

Date

Sampled

Sample

Depth (ft

bgs)

K-1 KSV41-5 30-Oct-08 5 80 13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV41-15 30-Oct-08 15 38 5.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV41-30 30-Oct-08 30 88 9.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV42-5 30-Oct-08 5 87 18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV42-5 dup 30-Oct-08 5 88 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV42-15 30-Oct-08 15 95 16 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV42-30 30-Oct-08 30 103 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV43-5 30-Oct-08 5 43 18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV43-15 30-Oct-08 15 61 19 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV43-21 30-Oct-08 21 63 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV44-5 30-Oct-08 5 47 16 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV44-15 30-Oct-08 15 73 17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

KSV44-30 30-Oct-08 25.5 76 12 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1-0.5

1.77 0.603 NV NV 2,790 NV

cis - 44.4

trans - 88.7 Vary by analyte

Notes:

Samples analyzed by gas chromatography/mass spectroscopy (GC/MS) using methodology similar to

United States Environmental Protection Agency (US EPA) Method 8260B, modified for soil gas
TCE Trichloroethene

PCE Tetrachloroethene

1,1-DCE 1,1-Dichloroethylene

1,1,1-TCA 1,1,1-Trichloroethane

1,1-DCA 1,1-Dochloroethane

1,2-DCE 1,2-Dichloroethene

ID Identification

ft bgs Feet below ground surface

µg/L Micrograms per liter

CHHSL California Human Health Screening Level

< Not detected at or above the indicated reporting limit

NV No value

Bold values indicate detected concentrations

Only constituents detected above the reporting limits are shown; analytical results for unlisted compounds are provided in the laboratory report

Equipment blank samples were collected by the Hydrogeospectrum Chemist on each day of a sampling event. Analysis of equipment blank samples are

provided in the laboratory report.

K-41

K-42

K-43

K-44

CHHSL (Commercial/Industrial Land Use)
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Table 2
SOIL ANALYTICAL RESULTS

VOCs
The Spirito Family Trust Parcel

4057 Goodwin Avenue
Los Angeles, California 90039
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8260B 8260B 8260B 8260B 8260B 8260B 8260B 8260B 8260B

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

K-19 K-19-25 24-Oct-08 25 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005-0.020

K-24 K-24-30 24-Oct-08 30 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005-0.020

K-39 K-39-30 14-Oct-08 30 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005-0.020

K-42 K-42-40 23-Oct-08 40 0.016 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005-0.020

K-45 K-45-35 24-Oct-08 35 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005-0.020

14 2.7 1,100 1.5 39,000 17 10,000 500 Vary

0.0019 0.0024 0.0026 NL 0.072 NL 0.021 0.032 Vary

Notes:

VOCs Volatile organic compounds

8260B United States Environmental Protection Agency Analytical Method Number

mg/kg Milligrams per kilogram

< Not detected above the practical quantitation limit (PQL)

US EPA United States Environmental Protection Agency

RSL Regional Screening Level (US EPA 2008)

SSL US EPA Groundwater Protection Maximum Contaminant Level (MCL)-based Soil Screening Level (US EPA, 2008)

NL No listed value

Bold values indicate detected concentrations

Listed compounds are those detected in soil samples, plus those others detected in soil vapor samples but not in soil samples

Analytical results for unlisted compounds are provided in the laboratory reports

US EPA Industrial RSL

US EPA Groundwater Protection MCL-based SSL

(feet)
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Table 3

SOIL ANALYTICAL RESULTS

TITLE 22 METALS

The Spirito Family Trust Parcel

4057 Goodwin Avenue

Los Angeles, California 90039
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6010B 6010B 6010B 6010B 6010B 6010B 7199 6010B 6010B 6010B 7471A 6010B 6010B 6010B 6010B 6010B 6010B 6010B

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

K-8-5 24-Oct-08 5 <1.00 <0.30 35.9 <0.50 <0.50 12.0 2.16 1.55 4.01 <0.50 <0.01 <5.00 2.75 <1.00 <1.00 <1.00 10.3 17.9

K-8-10 24-Oct-08 10 <1.00 <0.30 155 <0.50 <0.50 79.6 20.4 7.97 13.9 3.07 <0.01 <5.00 10.4 <1.00 <1.00 <1.00 45.0 77.9

K-8-10 24-Oct-08 10 -- -- -- -- -- 4.50* -- -- -- -- -- -- -- -- -- -- -- --

K-8-15 24-Oct-08 15 <1.00 <0.30 84.3 <0.50 <0.50 20.8 6.35 4.18 6.83 1.55 <0.01 <5.00 5.27 <1.00 <1.00 <1.00 25.5 40.3

K-8-20 24-Oct-08 20 <1.00 <0.30 73.1 <0.50 <0.50 18.6 13.1 3.15 4.21 1.01 <0.01 <5.00 4.13 <1.00 <1.00 <1.00 20.3 33.8

K-8-25 24-Oct-08 25 <1.00 <0.30 36.5 <0.50 <0.50 4.41 0.696 1.32 2.11 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.2 17.1

K-8-30 24-Oct-08 30 <1.00 <0.30 58.7 <0.50 <0.50 5.26 0.552 1.63 1.68 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 13.5 25.7

K-8-35 24-Oct-08 35 <1.00 <0.30 34.9 <0.50 <0.50 3.36 0.072 1.40 2.44 0.719 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.0 21.7

K-8-37 24-Oct-08 37 <1.00 <0.30 52.7 <0.50 <0.50 3.89 <0.040 1.86 3.48 0.953 <0.01 <5.00 3.06 <1.00 <1.00 <1.00 14.2 22.9

K-19-5 24-Oct-08 5 <1.00 <0.30 40.0 <0.50 <0.50 30.1 1.83 2.21 4.72 0.919 <0.01 <5.00 3.76 <1.00 <1.00 <1.00 14.2 20.3

K-19-10 24-Oct-08 10 <1.00 <0.30 136 <0.50 <0.50 67.2 54.0 6.47 9.29 1.75 <0.01 <5.00 8.59 <1.00 <1.00 <1.00 37.6 69.1

K-19-10 24-Oct-08 10 -- -- -- -- -- 4.53* -- -- -- -- -- -- -- -- -- -- -- --

K-19-15 24-Oct-08 15 <1.00 <0.30 63.3 <0.50 <0.50 5.52 <0.040 23.9 4.58 0.948 <0.01 <5.00 3.67 <1.00 <1.00 <1.00 17.4 31.0

K-19-20 24-Oct-08 20 <1.00 <0.30 125 <0.50 <0.50 37.0 31.8 3.27 3.57 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 23.3 26.6

K-19-25 24-Oct-08 25 <1.00 <0.30 44.1 <0.50 <0.50 16.5 11.8 1.51 2.51 0.726 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.99 19.5

K-19-35 24-Oct-08 35 <1.00 <0.30 133 <0.50 <0.50 54.0 23.8 7.61 11.4 2.36 <0.01 <5.00 9.10 <1.00 <1.00 <1.00 46.1 76.1

K-19-35 24-Oct-08 35 -- -- -- -- -- 0.590* -- -- -- -- -- -- -- -- -- -- -- --

K-19-38 24-Oct-08 38 <1.00 <0.30 54.3 <0.50 <0.50 15.6 3.18 1.71 2.00 0.503 <0.01 <5.00 4.55 <1.00 <1.00 <1.00 15.8 25.9

K-20-5 24-Oct-08 5 <1.00 <0.30 35.9 <0.50 <0.50 10.4 2.40 1.73 2.20 3.79 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.5 19.5

K-20-10 24-Oct-08 10 <1.00 <0.30 105 <0.50 <0.50 113 63.7 4.77 6.64 2.00 <0.01 <5.00 6.07 <1.00 <1.00 <1.00 28.0 48.8

K-20-10 24-Oct-08 10 -- -- -- -- -- 7.47* 7.49* -- -- -- -- -- -- -- -- -- -- --

K-20-15 24-Oct-08 15 <1.00 <0.30 63.5 <0.50 <0.50 47.2 35.3 2.93 4.04 2.47 <0.01 <5.00 3.80 <1.00 <1.00 <1.00 17.9 33.8

K-20-20 24-Oct-08 20 <1.00 <0.30 43.0 <0.50 <0.50 4.26 <0.040 1.81 2.58 0.860 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.3 21.1

K-20-25 24-Oct-08 25 <1.00 <0.30 38.3 <0.50 <0.50 2.37 <0.040 1.25 1.52 0.551 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.94 21.3

K-20-30 24-Oct-08 30 <1.00 <0.30 45.5 <0.50 <0.50 3.48 <0.040 1.67 2.40 0.610 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 12.7 23.3

K-24-5 24-Oct-08 5 <1.00 <0.30 53.5 <0.50 <0.50 4.76 <0.040 2.58 4.20 0.910 <0.01 <5.00 3.25 <1.00 <1.00 <1.00 16.6 27.7

K-24-10 24-Oct-08 10 <1.00 <0.30 79.7 <0.50 <0.50 7.04 <0.040 3.53 3.61 1.05 <0.01 <5.00 4.78 <1.00 <1.00 <1.00 21.6 37.2

K-24-15 24-Oct-08 15 <1.00 <0.30 40.7 <0.50 <0.50 2.95 <0.040 1.67 2.34 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.9 21.3

K-24-20 24-Oct-08 20 <1.00 <0.30 31.7 <0.50 <0.50 2.45 <0.040 1.19 2.39 0.811 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.78 17.3

K-24-30 24-Oct-08 30 <1.00 <0.30 112 <0.50 <0.50 10.7 <0.040 5.40 8.29 1.38 <0.01 <5.00 7.24 <1.00 <1.00 <1.00 33.8 59.7

K-24-40 24-Oct-08 40 <1.00 <0.30 52.2 <0.50 <0.50 4.22 <0.040 1.52 4.54 1.23 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 15.2 23.8

K-34-5 13-Oct-08 5 <1.00 <0.30 48.0 <0.50 <0.50 28.1 <0.040 2.44 4.37 0.828 <0.01 <5.00 17.9 <1.00 <1.00 <1.00 14.8 24.5

K-34-10 13-Oct-08 10 <1.00 <0.30 116 <0.50 <0.50 13.7 0.181 5.83 8.14 2.20 <0.01 <5.00 20.7 <1.00 <1.00 <1.00 35.4 54.6

K-34-15 13-Oct-08 15 <1.00 <0.30 70.2 <0.50 <0.50 8.43 0.286 3.44 4.07 1.22 <0.01 <5.00 4.42 <1.00 <1.00 <1.00 20.7 32.5

K-34-20 13-Oct-08 20 <1.00 0.363 35.6 <0.50 <0.50 3.98 0.068 <1.00 3.38 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.48 17.5

K-34-25 13-Oct-08 25 <1.00 0.577 36.9 <0.50 <0.50 5.88 0.340 <1.00 3.13 0.883 <0.01 <5.00 3.23 <1.00 <1.00 <1.00 10.3 21.8

K-34-28 13-Oct-08 28 <1.00 <0.30 39.9 <0.50 <0.50 3.85 0.233 <1.00 2.14 0.831 <0.01 <5.00 2.62 <1.00 <1.00 <1.00 9.62 22.3
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Table 3

SOIL ANALYTICAL RESULTS

TITLE 22 METALS

The Spirito Family Trust Parcel

4057 Goodwin Avenue

Los Angeles, California 90039
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6010B 6010B 6010B 6010B 6010B 6010B 7199 6010B 6010B 6010B 7471A 6010B 6010B 6010B 6010B 6010B 6010B 6010B

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)B
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K-8 K-35-5 13-Oct-08 5 <1.00 <0.30 62.4 <0.50 <0.50 36.7 0.412 3.13 4.20 1.10 <0.01 <5.00 10.9 <1.00 <1.00 <1.00 19.5 30.8

K-35-10 13-Oct-08 10 <1.00 0.537 164 <0.50 <0.50 29.5 1.24 7.30 11.3 3.26 <0.01 <5.00 15.1 <1.00 <1.00 <1.00 42.9 69.6

K-35-15 13-Oct-08 15 <1.00 <0.30 82.7 <0.50 <0.50 15.5 2.42 3.97 5.58 1.63 <0.01 <5.00 7.66 <1.00 <1.00 <1.00 23.9 39.2

K-35-20 13-Oct-08 20 <1.00 <0.30 70.1 <0.50 <0.50 12.0 1.42 3.08 4.91 0.990 <0.01 <5.00 3.69 <1.00 <1.00 <1.00 19.4 33.1

K-35-25 13-Oct-08 25 <1.00 0.332 39.5 <0.50 <0.50 5.14 0.616 <1.00 2.63 0.745 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.4 19.3

K-35-29.5 13-Oct-08 29.5 <1.00 1.31 56.2 <0.50 <0.50 111 1.41 2.50 3.20 2.17 <0.01 <5.00 3.55 <1.00 <1.00 <1.00 15.7 28.8

K-35-29.5 13-Oct-08 29.5 -- -- -- -- -- 0.407* -- -- -- -- -- -- -- -- -- -- -- --

K-35-29.5 13-Oct-08 29.5 -- -- -- -- -- 26.7** -- -- -- -- -- -- -- -- -- -- -- --

K-35a-29.5 23-Oct-08 29.5 <1.00 <0.30 31.6 <0.50 <0.50 6.83 1.42 <1.00 1.59 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.42 17.8

K-35a-35 23-Oct-08 35 <1.00 <0.30 36.2 <0.50 <0.50 7.09 1.15 <1.00 1.6 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.3 16.3

K-35a-40 23-Oct-08 40 <1.00 <0.30 35.7 <0.50 <0.50 13.3 2.22 1.13 2.68 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.23 19.5

K-36-5 13-Oct-08 5 <1.00 <0.30 83.1 <0.50 <0.50 41.6 2.11 3.96 7.24 1.49 <0.01 <5.00 5.04 <1.00 <1.00 <1.00 25.1 38.4

K-36-10 13-Oct-08 10 <1.00 <0.30 133 <0.50 <0.50 22.4 5.24 6.04 8.78 2.39 <0.01 <5.00 7.53 <1.00 <1.00 <1.00 36.5 54.7

K-36-15 13-Oct-08 15 <1.00 0.309 40.8 <0.50 <0.50 7.37 2.25 1.79 3.05 0.914 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 12.0 19.5

K-36-20 13-Oct-08 20 <1.00 0.549 43.6 <0.50 <0.50 5.83 0.857 1.75 2.62 0.827 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.5 20.1

K-36-25 13-Oct-08 25 <1.00 1.19 39.7 <0.50 <0.50 9.58 <0.040 3.38 2.85 0.986 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.2 19.7

K-37-5 23-Oct-08 5 <1.00 <0.30 38.7 <0.50 <0.50 3.51 <0.040 1.16 2.05 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.6 18.9

K-37-10 23-Oct-08 10 <1.00 <0.30 126 <0.50 <0.50 12.4 <0.040 5.64 9.4 1.33 <0.01 <5.00 7.33 <1.00 <1.00 <1.00 37.4 54.9

K-37-15 23-Oct-08 15 <1.00 <0.30 53.6 <0.50 <0.50 5.60 <0.040 2.08 3.69 <0.50 <0.01 <5.00 3.14 <1.00 <1.00 <1.00 17.1 27.7

K-37-20 23-Oct-08 20 <1.00 <0.30 58.3 <0.50 <0.50 5.40 <0.040 1.95 3.33 <0.50 <0.01 <5.00 3.06 <1.00 <1.00 <1.00 16.1 28.0

K-37-25 23-Oct-08 25 <1.00 <0.30 36.6 <0.50 <0.50 2.58 <0.040 <1.00 2.09 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.4 18.3

K-37-30 23-Oct-08 30 <1.00 <0.30 33.1 <0.50 <0.50 2.08 <0.040 1.01 2.33 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.1 18.1

K-37-35 23-Oct-08 35 <1.00 <0.30 46.0 <0.50 <0.50 5.86 0.040 <1.00 <1.00 <0.50 <0.01 <5.00 2.65 <1.00 <1.00 <1.00 11.2 23.6

K-37-40 23-Oct-08 40 <1.00 <0.30 90.9 <0.50 <0.50 19.7 0.419 6.71 9.23 1.9 <0.01 <5.00 8.21 <1.00 <1.00 <1.00 31.8 45.7

K-38-5 14-Oct-08 5 <1.00 <0.30 <5.00 <0.50 <0.50 0.980 <0.040 <1.00 <1.00 <0.50 <0.01 <5.00 12.9 <1.00 <1.00 <1.00 <5.00 6.07

K-38-10 14-Oct-08 10 <1.00 <0.30 131 <0.50 <0.50 21.5 0.289 6.20 9.86 2.34 <0.01 <5.00 7.86 <1.00 <1.00 <1.00 38.3 62.2

K-38-15 14-Oct-08 15 <1.00 <0.30 64.5 <0.50 <0.50 8.08 0.465 3.24 4.18 1.06 <0.01 <5.00 4.05 <1.00 <1.00 <1.00 18.6 34.1

K-38-20 14-Oct-08 20 <1.00 <0.30 36.1 <0.50 <0.50 3.71 0.081 <1.00 9.23 0.813 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.8 23.9

K-38-25 14-Oct-08 25 <1.00 <0.30 7.16 <0.50 <0.50 0.623 <0.040 <1.00 <1.00 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 <5.00 6.94

K-38-25DUP 14-Oct-08 25 <1.00 <0.30 22.4 <0.50 <0.50 1.85 <0.040 <1.00 1.37 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 6.75 13.0

K-38-30 14-Oct-08 30 <1.00 <0.30 6.82 <0.50 <0.50 1.19 0.335 <1.00 <1.00 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 <5.00 6.57

K-38-35 14-Oct-08 35 <1.00 <0.30 22.6 <0.50 <0.50 6.33 0.165 <1.00 2.48 0.774 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 <5.00 16.4

K-38-40 14-Oct-08 40 <1.00 <0.30 6.49 <0.50 <0.50 <0.50 0.124 <1.00 <1.00 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 <5.00 7.22

K-39-5 14-Oct-08 5 <1.00 <0.30 53.2 <0.50 <0.50 4.39 <0.040 <1.00 3.67 0.876 <0.01 <5.00 2.92 <1.00 <1.00 <1.00 15.3 25.2

K-39-10 14-Oct-08 10 <1.00 <0.30 120 <0.50 <0.50 11.3 <0.040 5.71 9.29 2.33 <0.01 <5.00 7.37 <1.00 <1.00 <1.00 34.9 55.3

K-39-15 14-Oct-08 15 <1.00 <0.30 78.4 <0.50 <0.50 8.17 <0.040 3.88 5.46 1.70 <0.01 <5.00 5.05 <1.00 <1.00 <1.00 22.9 37.3

K-39-20 14-Oct-08 20 <1.00 <0.30 41.1 <0.50 <0.50 3.85 <0.040 <1.00 3.23 0.857 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.7 22.5

K-39-25 14-Oct-08 25 <1.00 <0.30 23.5 <0.50 <0.50 2.58 <0.040 <1.00 1.89 0.554 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 7.63 15.7

K-39-30 14-Oct-08 30 <1.00 <0.30 37.7 <0.50 <0.50 3.10 <0.040 <1.00 7.39 0.558 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.2 18.3

K-39-35 14-Oct-08 35 <1.00 <0.30 41.1 <0.50 <0.50 3.90 <0.040 <1.00 2.99 1.10 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.53 34.1

K-39-40 14-Oct-08 40 <1.00 <0.30 77.9 <0.50 <0.50 8.80 <0.040 3.56 5.12 1.59 <0.01 <5.00 4.92 <1.00 <1.00 <1.00 26.7 38.8

K-35

K-35a

K-36

K-37

K-38

K-39
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SOIL ANALYTICAL RESULTS

TITLE 22 METALS

The Spirito Family Trust Parcel

4057 Goodwin Avenue

Los Angeles, California 90039
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6010B 6010B 6010B 6010B 6010B 6010B 7199 6010B 6010B 6010B 7471A 6010B 6010B 6010B 6010B 6010B 6010B 6010B

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)B
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K-8 K-40-5 23-Oct-08 5 <1.00 <0.30 32.8 <0.50 <0.50 2.22 <0.040 <1.00 1.08 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.85 15.2

K-40-10 23-Oct-08 10 <1.00 <0.30 105 <0.50 <0.50 9.42 <0.040 4.51 7.61 <0.50 <0.01 <5.00 5.87 <1.00 <1.00 <1.00 31.5 47.7

K-40-15 23-Oct-08 15 <1.00 <0.30 64.4 <0.50 <0.50 7.63 <0.040 2.33 3.40 <0.50 <0.01 <5.00 4.39 <1.00 <1.00 <1.00 19.3 33.7

K-40-20 23-Oct-08 20 <1.00 <0.30 88.8 <0.50 <0.50 8.78 <0.040 3.91 6.04 <0.50 <0.01 <5.00 5.37 <1.00 <1.00 <1.00 26.1 44.9

K-40-25 23-Oct-08 25 <1.00 <0.30 43.2 <0.50 <0.50 3.35 <0.040 1.07 2.37 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 11.5 18.4

K-40-30 23-Oct-08 30 <1.00 <0.30 31.0 <0.50 <0.50 4.71 <0.040 <1.00 1.27 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.49 14.9

K-40-35 23-Oct-08 35 <1.00 <0.30 28.7 <0.50 <0.50 3.84 <0.040 <1.00 1.50 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.25 18.2

K-40-40 23-Oct-08 40 <1.00 <0.30 38.2 <0.50 <0.50 2.23 <0.040 <1.00 1.49 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.04 21.1

K-41-5 23-Oct-08 5 <1.00 <0.30 83.2 <0.50 16.7 40.2 <0.040 2.77 50.2 <0.50 <0.01 <5.00 51.7 <1.00 <1.00 <1.00 25.0 44.1

K-41-5 23-Oct-08 5 -- -- -- -- 18.7** -- -- -- -- -- -- -- -- -- -- -- -- --

K-41-5 23-Oct-08 5 -- -- -- -- 1.48* -- -- -- -- -- -- -- -- -- -- -- -- --

K-41-10 23-Oct-08 10 <1.00 <0.30 107 <0.50 168 10.1 <0.040 6.84 9.17 0.722 <0.01 <5.00 14.6 <1.00 <1.00 <1.00 33.6 119

K-41-10 23-Oct-08 10 -- -- -- -- 167** -- -- -- -- -- -- -- -- -- -- -- -- --

K-41-10 23-Oct-08 10 -- -- -- -- 16.4* -- -- -- -- -- -- -- -- -- -- -- -- --

K-41-15 23-Oct-08 15 <1.00 <0.30 31.1 <0.50 21.7 2.92 <0.040 <1.00 2.09 <0.50 <0.01 <5.00 3.66 <1.00 <1.00 <1.00 9.01 21.6

K-41-15 23-Oct-08 15 -- -- -- -- 23.1** -- -- -- -- -- -- -- -- -- -- -- -- --

K-41-15 23-Oct-08 15 -- -- -- -- 1.68* -- -- -- -- -- -- -- -- -- -- -- -- --

K-41-20 23-Oct-08 20 <1.00 <0.30 36.3 <0.50 <0.50 2.68 <0.040 1.06 1.36 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.1 16.8

K-41-25 23-Oct-08 25 <1.00 <0.30 37.4 <0.50 <0.50 2.16 <0.040 0.874 2.03 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.96 16.0

K-41-30 23-Oct-08 30 <1.00 <0.30 46.3 <0.50 <0.50 3.46 <0.040 1.33 2.43 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 13.0 23.1

K-41-35 23-Oct-08 35 <1.00 <0.30 19.9 <0.50 <0.50 2.18 <0.040 <1.00 <1.00 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 5.09 9.52

K-41-40 23-Oct-08 40 <1.00 <0.30 98.6 <0.50 <0.50 13.8 <0.040 6.27 6.62 1.34 <0.01 <5.00 7.84 <1.00 <1.00 <1.00 38.0 54.0

K-42-5 23-Oct-08 5 <1.00 <0.30 104 <0.50 <0.50 8.25 <0.040 3.99 8.48 0.951 <0.01 <5.00 8.14 <1.00 <1.00 <1.00 28.0 46.6

K-42-10 23-Oct-08 10 <1.00 <0.30 108 <0.50 <0.50 9.68 <0.040 4.82 8.13 1.03 <0.01 <5.00 6.45 <1.00 <1.00 <1.00 33.1 50.4

K-42-15 23-Oct-08 15 <1.00 <0.30 24.6 <0.50 <0.50 1.46 <0.040 <1.00 1.33 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 6.92 12.6

K-42-20 23-Oct-08 20 <1.00 <0.30 42.2 <0.50 <0.50 3.76 <0.040 1.54 2.60 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 12.9 21.3

K-42-20DUP 23-Oct-08 20 <1.00 <0.30 47.4 <0.50 <0.50 4.30 <0.040 2.36 2.87 0.901 <0.01 <5.00 4.32 <1.00 <1.00 <1.00 14.9 26.1

K-42-25 23-Oct-08 25 <1.00 <0.30 71.8 <0.50 <0.50 7.52 <0.040 2.87 4.85 <0.50 <0.01 <5.00 4.28 <1.00 <1.00 <1.00 20.4 35.2

K-42-30 23-Oct-08 30 <1.00 <0.30 78.2 <0.50 <0.5 7.33 <0.040 4.05 5.62 <0.50 <0.01 <5.00 19.7 <1.00 <1.00 <1.00 23.4 52.5

K-42-35 23-Oct-08 35 <1.00 <0.30 33.3 <0.50 <0.50 25.6 <0.040 <1.00 3.94 <0.50 <0.01 <5.00 4.29 <1.00 <1.00 <1.00 8.02 16.3

K-42-40 23-Oct-08 40 <1.00 <0.30 50.7 <0.50 <0.50 4.95 0.058 3.20 4.27 <0.50 <0.01 <5.00 3.21 <1.00 <1.00 <1.00 23.2 29.6

K-43-5 13-Oct-08 5 <1.00 <0.30 82.0 <0.50 <0.50 38.1 0.403 3.94 5.14 1.26 <0.01 <5.00 4.87 <1.00 <1.00 <1.00 23.6 40.1

K-43-10 13-Oct-08 10 <1.00 <0.30 152 <0.50 <0.50 39.5 1.09 7.38 12.1 3.39 <0.01 <5.00 9.07 <1.00 <1.00 <1.00 44.7 72.0

K-43-15 13-Oct-08 15 <1.00 0.399 33.6 <0.50 <0.50 4.54 0.147 <1.00 2.00 0.708 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.70 17.4

K-43-21 13-Oct-08 21 <1.00 <0.30 43.1 <0.50 <0.50 7.28 0.385 1.95 2.78 0.919 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 12.1 21.5

K-43-21DUP 13-Oct-08 21 <1.00 0.428 33.7 <0.50 <0.50 5.49 0.415 1.42 2.28 0.675 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 9.45 16.4

K-40

K-41

K-42

K-43
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Table 3

SOIL ANALYTICAL RESULTS

TITLE 22 METALS

The Spirito Family Trust Parcel

4057 Goodwin Avenue

Los Angeles, California 90039
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6010B 6010B 6010B 6010B 6010B 6010B 7199 6010B 6010B 6010B 7471A 6010B 6010B 6010B 6010B 6010B 6010B 6010B
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K-8 K-44-5 13-Oct-08 5 <1.00 <0.30 92.7 <0.50 <0.50 61.7 0.205 4.90 10.6 1.67 <0.01 <5.00 7.31 <1.00 <1.00 <1.00 27.9 62.0

K-44-5 13-Oct-08 5 -- -- -- -- -- 1.02 -- -- -- -- -- -- -- -- -- -- -- --

K-44-10 13-Oct-08 10 <1.00 0.716 102 <0.50 <0.50 17.7 <0.040 6.23 11.3 3.16 <0.01 <5.00 7.80 <1.00 <1.00 <1.00 36.0 62.9

K-44-15 13-Oct-08 15 <1.00 <0.30 36.3 <0.50 <0.50 4.44 <0.040 <1.00 2.04 0.621 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 10.6 18.4

K-44-20 13-Oct-08 20 <1.00 0.875 79.5 <0.50 <0.50 8.36 <0.040 3.81 5.26 0.955 <0.01 <5.00 4.81 <1.00 <1.00 <1.00 23.3 39.9

K-44-25.5 13-Oct-08 25.5 <1.00 <0.30 39.7 <0.50 <0.50 18.5 2.14 1.78 2.39 0.798 <0.01 <5.00 2.99 <1.00 <1.00 <1.00 11.7 22.9

K-45-5 24-Oct-08 5 <1.00 <0.30 48.6 <0.50 <0.50 4.74 <0.040 2.17 3.37 0.521 <0.01 <5.00 2.69 <1.00 <1.00 <1.00 14.2 23.5

K-45-10 24-Oct-08 10 <1.00 <0.30 92.6 <0.50 <0.50 8.26 <0.040 4.42 6.04 1.03 <0.01 <5.00 5.61 <1.00 <1.00 <1.00 26.1 45.7

K-45-15 24-Oct-08 15 <1.00 <0.30 59.6 <0.50 <0.50 5.07 <0.040 2.69 4.82 1.02 <0.01 <5.00 3.36 <1.00 <1.00 <1.00 16.7 30.6

K-45-20 24-Oct-08 20 <1.00 <0.30 47.4 <0.50 <0.50 4.72 0.070 2.11 3.83 0.678 <0.01 <5.00 2.84 <1.00 <1.00 <1.00 13.8 24.7

K-45-20DUP 24-Oct-08 20 <1.00 <0.30 28.3 <0.50 <0.50 3.47 0.397 1.09 1.93 0.620 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.69 16.6

K-45-25 24-Oct-08 25 <1.00 <0.30 44.9 <0.50 <0.50 2.48 <0.040 1.05 2.32 0.583 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 8.76 18.1

K-45-30 24-Oct-08 30 <1.00 <0.30 37.7 <0.50 <0.50 18.3 <0.040 1.10 6.16 <0.50 <0.01 <5.00 3.98 <1.00 <1.00 <1.00 9.66 142

K-45-35 24-Oct-08 35 <1.00 <0.30 56.5 <0.50 <0.50 4.93 <0.040 3.29 3.88 0.954 <0.01 <5.00 3.12 <1.00 <1.00 <1.00 18.5 30.9

K-45-40 24-Oct-08 40 <1.00 <0.30 153 <0.50 <0.50 19.2 <0.040 10.9 19.7 4.76 <0.01 <5.00 12.5 <1.00 <1.00 <1.00 51.0 68.2

K-46-5 23-Oct-08 5 <1.00 <0.30 41.6 <0.50 <0.50 3.63 <0.040 1.40 2.32 <0.50 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 13.0 20.1

K-46-10 23-Oct-08 10 <1.00 <0.30 112 <0.50 <0.50 10.2 <0.040 5.50 8.85 2.12 <0.01 <5.00 6.93 <1.00 <1.00 <1.00 31.9 52.6

K-46-15 23-Oct-08 15 <1.00 <0.30 67.3 <0.50 <0.50 7.48 <0.040 3.23 4.33 1.26 <0.01 <5.00 4.88 <1.00 <1.00 <1.00 19.7 33.8

K-46-15DUP 23-Oct-08 15 <1.00 <0.30 56.9 <0.50 <0.50 5.96 <0.040 3.27 4.17 1.31 <0.01 <5.00 4.14 <1.00 <1.00 <1.00 18.3 33.1

K-46-20 23-Oct-08 20 <1.00 <0.30 42.2 <0.50 <0.50 3.14 <0.040 1.65 2.54 0.673 <0.01 <5.00 2.34 <1.00 <1.00 <1.00 10.1 19.7

K-46-25 23-Oct-08 25 <1.00 <0.30 41.2 <0.50 <0.50 3.08 <0.040 1.79 2.48 0.841 <0.01 <5.00 1.91 <1.00 <1.00 <1.00 12.0 20.7

K-46-30 23-Oct-08 30 <1.00 <0.30 48.8 <0.50 <0.50 3.86 <0.040 2.27 1.91 2.33 <0.01 <5.00 <2.50 <1.00 <1.00 <1.00 14.5 24.9

K-46-35 23-Oct-08 35 <1.00 <0.30 58.9 <0.50 <0.50 6.26 <0.040 1.94 2.90 1.09 <0.01 <5.00 2.83 <1.00 <1.00 <1.00 12.6 27.4

500 500 10,000 75 100 2,500 500 8,000 2,500 1,000 20 3,500 2,000 100 500 700 2,400 5,000

15 5.0 100 0.75 1.0 560/5*** 5 80 25 5.0 0.2 350 20 1.0 5.0 7.0 24 250

410 1.6 190,000 2,000 810 1,400 NNL 300 41,000 800 28 5,100 20,000 5,100 5,100 66 5,200 310,000

380 0.24 63,000 1,700 7.5 100,000**** 37 3,200 38,000 3,500 180 4,800 16,000 4,800 4,800 63 6,700 100,000

0.27 0.29 82 3.2 0.38 NL NL NL 46 14 0.1 NL NL 0.26 NL 0.14 NL NL

Notes: 6010B United States Environmental Protection Agency (US EPA) Analytical Method Number * STLC analysis value. Concentration reported in milligrams per liter (mg/L)

mg/kg milligrams per kilogram ** TTLC Re-analysis value

< Not detected above the practical quantitation limit (PQL) *** Must meet both the STLC Limit of 560 and EPA-TCLP Limit of 5

-- Not analyzed for this constituent **** Chrome III value

TTLC Total Threshold Limit Concentration US EPA United States Environmental Protection Agency

STLC Soluble Threshold Limit Concentration RSL Regional Screening Level

CHHSL California Human Health Screening Level SSL US EPA Groundwater Protection Maximum Contaminant Level (MCL)-based Soil Screening Level (US EPA, 2008)

NL No listed value Bold values indicate detected concentrations

TTLC

STLC

US EPA Groundwater Protection MCL-based SSL

US EPA Industrial RSL

Commercial CHHSL

K-45

K-46

K-44
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APPENDIX I

SITE-SPECIFIC SOIL SCREENING LEVEL CALCULATIONS



Equation #10 Soil Screening Level (mg/kg) = Cw [Kd + ((θw + θa  H’)/ρb)]

Equation #11 Dilution Factor (DAF) = 1 + [K  i  d] / I  L

Equation #12 d (m) = (0.012  L2 )0.5 + da  (1- exp[(-L  I)/(K  i  da] )

Parameter Symbol Units Input Value Source/Reference

Soil Texture (Particle Size Density) ρs kg/L Equation #12

Dry Bulk Density ρb kg/L 0

Soil Porosity (liters pores per liters soil) n Lpore/ Lsoil

Water Filled Porosity Ww

Soil Organic Content  (fraction) fOC g/g

Henry's Law Constant H' unitless Chemical Specific SSG, Appendix C

Soil pH pH 8.0

Infiltration Rate I m/yr 0.07

Aquifer Hydraulic Conductivity K m/yr 24157

Hydraulic Gradient i m/m 0.0028

Target Soil Leachate of COC Cw mg/L

Soil/Water Partition Coefficient Kd L/kg

Soil-Organic Carbon/ Water Partition Coefficient Koc L/kg

Water-Filled Soil Porosity θw Lwater/Lsoil

Air-Filled Soil Porosity (liters air per liters soil) θa Lair/ Lsoil

EQUATION #10  -  SSLs CALCULATIONS

Total Chromium (as Cr 3+/Cr 6+) Cw SSL DAF Clean-Up Goal in Soil
(mg/L) (mg/kg) (dimensionless) (mg/kg)

Scenario #1 (Cal EPA MCL) 0.005 4.3E+05 104 4.5E+07

Hexavalent Chromium (as Cr 6+) Cw SSL DAF Clean-Up Goal in Soil
(mg/L) (mg/kg) (dimensionless) (mg/kg)

Scenario #1 Site-Specific SSL (Glendale Voluntary Cleanup Level; adjusted for site parameters) 0.005 0.07 104 7.4
Scenario #2 Site-Specific SSL (OEHHA PHG; adjusted for site-specific parameters) 0.00006 0.001 104 0.1

Cadmium Cw SSL DAF Clean-Up Goal in Soil
(mg/L) (mg/kg) (dimensionless) (mg/kg)

Scenario #1 Site-Specific SSL (Adjusted for site-specific parameters) 0.005 21.5 104 2236

Nickel Cw SSL DAF Clean-Up Goal in Soil
(mg/L) (mg/kg) (dimensionless) (mg/kg)

Scenario #1 Site-Specific SSL (Adjusted for site-specific parameters) 0.1 190 104 19760

EQUATION #11  -  DAF CALCULATIONS
K DAF

(m/yr) (unitless)
Scenario #1 24157 104

EQUATION #12  -  MIXING ZONE
K d

(m/yr) (m)
Scenario #1 24157 0.85



The Spirito Family Trust - Former Excello Plating Co. CALCULATION OF SITE-SPECIFIC SSLs

EQUATION #10

Soil Screening Level (mg/kg) = Cw [Kd + ((θw + θa  H’)/ρb)]

Cw = Target soil leachate of COC (mg/L)
Kd = Koc x foc Soil-water partition coefficient (L/kg)
Koc = Soil-organic carbon/water partition coefficient (L/kg)
foc = fraction organic carbon in soil (g/g)
θw = Water-filled soil porosity (liters water per liters soil [Lwater/Lsoil])
θa = Air-filled soil porosity (liters air per liters soil Lair/ Lsoil]) where θa = n - θw

ρb = Dry soil bulk density (kilograms per liter [kg/L])
n = Soil porosity (liters pores per liters soil [Lpore/ Lsoil]) where n = 1 – (ρb/ρs)
ρs = Soil particle density (kg/L)
H’ = Henry’s law constant (dimensionless)
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The Spirito Family Trust - Former Excello Plating Co. CALCULATION OF SITE-SPECIFIC SSLs

Total Chromium (as Cr 3+/Cr 6+)
Cw Kd KOC ӨW fOC Өa ρb n ρs H' SSL

(mg/L) (L/kg) (L/kg) LH2O/Lsoil (g/g) LAir/Lsoil kg/L Lpore/Lsoil kg/L Unitless (mg/kg)
Scenario #1 (US EPA MCL) 0.1 4.30E+06 NA 0.139 0.002 0.318 1.439 0.457108 2.65 0 430000

Cw  = 0.05 (EPA Website - Maximum Contaminant Levels and Regulatory Dates for Drinking Water USEPA vs. CalEPA, 11/08)
Kd  = 4.30E+06 (SSG, Appendix C - Chem. Properties and Regulatory/Human Health Benchmarks for SSL Calcs. @ pH = 8.0)

KOC  = NA (SSG, Appendix C - Chemical Properties and Regulatory/Human Health Benchmarks for SSL Calcs.)
ӨW  = 0.3 (Calculation following Laboratory Analysis for  Ww)
fOC  = 0.002 (Laboratory Analysis)
ρb  = 1.5 (Laboratory Analysis)
H'  = 0 (Assumed zero for metals)

Assumed Total Chromium = Cr 3+ only

Hexavalent Chromium (as Cr 6+)
Cw Kd KOC ӨW fOC Өa ρb n ρs H' SSL

(mg/L) (L/kg) (L/kg) LH2O/Lsoil (g/g) LAir/Lsoil kg/L Lpore/Lsoil kg/L Unitless (mg/kg)
Scenario #1 Site-Specific SSL 0.005 1.40E+01 NA 0.139 0.002 0.318 1.439 0.457 2.65 0 0.07

Cw  = 0.005 (Glendale Voluntary Cleanup Goal)
Kd  = 1.40E+01 (SSG, Appendix C - Chem. Properties and Regulatory/Human Health Benchmarks for SSL Calcs. @ pH = 8.0)

KOC  = NA (SSG, Appendix C - Chemical Properties and Regulatory/Human Health Benchmarks for SSL Calcs.)
ӨW  = 0.3 (Calculation following Laboratory Analysis for  Ww)
fOC  = 0.002 (Laboratory Analysis)
ρb  = 1.5 (Laboratory Analysis)
H'  = 0 (Assumed zero for metals)
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The Spirito Family Trust - Former Excello Plating Co. CALCULATION OF SITE-SPECIFIC SSLs

Hexavalent Chromium (as Cr 6+)
Cw Kd KOC ӨW fOC Өa ρb n ρs H' SSL

(mg/L) (L/kg) (L/kg) LH2O/Lsoil (g/g) LAir/Lsoil kg/L Lpore/Lsoil kg/L Unitless (mg/kg)
Scenario #2 Site-Specific SSL 0.00006 1.40E+01 NA 0.139 0.002 0.318 1.439 0.457 2.65 0 0.001

Cw  = 0.00006 (OEHHA Draft PHG = 0.06 ppb [µg/L]) 
Kd  = 1.40E+01 (SSG, Appendix C - Chem. Properties and Regulatory/Human Health Benchmarks for SSL Calcs. @ pH = 8.0)

KOC  = NA (SSG, Appendix C - Chemical Properties and Regulatory/Human Health Benchmarks for SSL Calcs.)
ӨW  = 0.3 (Calculation following Laboratory Analysis for  Ww)
fOC  = 0.002 (Laboratory Analysis)
ρb  = 1.5 (Laboratory Analysis)
H'  = 0 (Assumed zero for metals)
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The Spirito Family Trust - Former Excello Plating Co. CALCULATION OF SITE-SPECIFIC SSLs

Cadmium
Cw Kd KOC ӨW fOC Өa ρb n ρs H' SSL

(mg/L) (L/kg) (L/kg) LH2O/Lsoil (g/g) LAir/Lsoil kg/L Lpore/Lsoil kg/L Unitless (mg/kg)
Scenario #1 Site-Specific SSL 0.005 4.30E+03 NA 0.139 0.002 0.318108 1.439 0.457108 2.65 0 21.5

Cw  = 0.005 (EPA Website - Maximum Contaminant Levels and Regulatory Dates for Drinking Water USEPA vs. CalEPA, 11/08)
Kd  = 4.30E+03 (SSG, Appendix C - Chem. Properties and Regulatory/Human Health Benchmarks for SSL Calcs. @ pH = 8.0)

KOC  = NA (SSG, Appendix C - Chemical Properties and Regulatory/Human Health Benchmarks for SSL Calcs.)
ӨW  = 0.3 (Calculation following Laboratory Analysis for  Ww)
fOC  = 0.002 (Laboratory Analysis)
ρb  = 1.5 (Laboratory Analysis)
H'  = 0 (Assumed zero for metals)

Nickel
Cw Kd KOC ӨW fOC Өa ρb n ρs H' SSL

(mg/L) (L/kg) (L/kg) LH2O/Lsoil (g/g) LAir/Lsoil kg/L Lpore/Lsoil kg/L Unitless (mg/kg)
Scenario #1 Site-Specific SSL 0.1 1.90E+03 NA 0.139 0.002 0.318 1.439 0.457 2.65 0 190

Cw  = 0.1 (EPA Website - Maximum Contaminant Levels and Regulatory Dates for Drinking Water USEPA vs. CalEPA, 11/08)
Kd  = 1.90E+03 (SSG, Appendix C - Chem. Properties and Regulatory/Human Health Benchmarks for SSL Calcs. @ pH = 8.0)

KOC  = NA (SSG, Appendix C - Chemical Properties and Regulatory/Human Health Benchmarks for SSL Calcs.)
ӨW  = 0.3 (Calculation following Laboratory Analysis for  Ww)
fOC  = 0.002 (Laboratory Analysis)
ρb  = 1.5 (Laboratory Analysis)
H'  = 0 (Assumed zero for metals)
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EQUATION #11

Dilution Factor = 1 + [K i d] / I L

K = Aquifer hydraulic conductivity (m/yr) 24157
i = Hydraulic gradient (meter vertical per meter horizontal [m/m]) 0.0028
d = Mixing zone depth (meters [m]) (from equation 12) 0.85
I = Infiltration rate (m/yr) 0.07
L = Source length parallel to groundwater flow (m) 8

K i d I L DAF
(m/yr) (m/m) (m) (m/yr) (m) (Unitless)

Default #1 24157 0.0028 0.85 0.18 8 41
Scenario #1 24157 0.0028 0.85 0.07 8 104



EQUATION #12

d = (0.0112  L2 )0.5 + da  (1- exp[(-L  I)/(K  i  da] )

d = Mixing zone depth (m)
L = Source length parallel to groundwater flow (m) 8.00
I = Infiltration rate (m/yr) 0.07
K = Aquifer hydraulic conductivity (m/yr) 24157
i = Hydraulic gradient (m/m) 0.0028
da = Aquifer thickness (m) 49

L da I K i d
(m) (m) (m/yr) (m/yr) (m/m) (m)

Default 8.00 49 0.07 24157 0.0028 0.85
Scenario #1 8.00 49 0.07 24157 0.0028 0.85







PROJECT:Spirito Family Trust Sampled By FJJ DATE 11/6/2009
Physical Parameter Testing Tested By ELF DATE 11/12/2009

NUMBER 101942/005 Reviewed By SWH DATE 11/16/2009

Boring No. Depth Ph
ppm % ppm %

KLF-1 1236 22-23 7.9
KLF-1 1335 40-41 7.9
K:LF-2 1545 22-23 7.8
KLF-2 1615 41-42 8.2

Average  = 8.0

SUITE OF CORROSION TESTS

Minimum Resisitvity Sulphate Content Chloride Content
ohm-cm



PROJECT: Sampled By FJJ DATE 11/6/2009
Physical Parameter Testing Tested By ELF DATE 11/12/2009

NUMBER 101942/005 Reviewed By SWH DATE 11/16/2009

Boring No.
Depth       

ft USCS

Wet
Density

pcf

Moisture
Content 

%

Dry
Density 

pcf
Saturation

%

Wet 
Density 

Minus Dry 
Density 

(pcf) Өw
KLF-1 1236 22.0 ML 106.1 2.9 103.2 12.6 2.9 0.046
KLF-1 1236 22.5 ML 111.4 3.7 107.5 18.2 3.9 0.063
KLF-1 1335 40.0 SC 91.1 22.9 74.1 49.2 17.0 0.272
KLF-1 1335 40.5 SC 99.9 18.2 84.5 50.5 15.4 0.247
KLF-2 1545 22.0 SP-SM 85.5 6.4 80.4 15.9 5.1 0.082
KLF-2 1545 22.5 SP-SM 89.2 2.9 86.7 8.4 2.5 0.040
KLF-2 1615 41.0 SC 90.9 14.6 79.3 35.7 11.6 0.186
KLF-2 1615 41.5 SC 112.4 10.9 101.3 45.8 11.1 0.178

pcf pcf 0.139 Average Өw
98.3 10.3 89.6 29.5 Average 0.058 Average Өw Saturation (<25')
85.5 2.9 74.1 8.4 Minimum 0.221 Average Өw Saturation (>25')
112.4 22.9 107.5 50.5 Maximum

Average Moisture (<25') 4.0 13.8 Average Saturation (<25')
Average Moisture (>25') 16.7 45.3 Average Saturation (>25')

kg/L kg/L*
1.5781 1.4387 Average Dry Bulk Density
1.3724 1.1895 Minimum Dry Bulk Density
1.8042 1.7256 Maximum Bulk Density

*   -  Conversion of dry bulk density from pcf (lbs/ft3) to (kg/L) as follows:

kg/L  =  lbs/ft3 x (1 kg/2.2 lbs) x (1 ft3/28.317 L)

MOISTURE CONTENT - DRY DENSITY TEST RESULTS
Spirito Family Trust



Infiltration rate of rain (m/yr)
Infiltration rates are quite site-specific, and can vary substantially even within different areas
of a site. There are believed to be no Site-specific infiltration data available, however, so
Kleinfelder performed a literature search in an effort to identify a reasonable infiltration rate
for the Site vicinity and identified the following reference:

Cutter, W.B., K.A. Baerenklau, A. DeWoody, R. Sharma and J. Lee, 2008. Costs and Benefits of Capturing
Urban Runoff with Competitive Bidding for Decentralized BMPs. Water Resources Research 44, W09410,
Appendix B: Parameter Ranges for Sensitivity Analysis, http://www.envisci.ucr.edu/downloads/baerenklau
/Appendix%20B.pdf.

The above reference included hydrology information for five sites where stormwater
management devices were installed by the Los Angeles and San Gabriels Rivers Watershed
Council (LASGRWC) in the course of its Water Augmentation Study. The infiltration rates at
the LASGRWC study sites were in general high, but most of the sites studied are in the San
Fernando Valley area where soils reportedly generally have high infiltration rates. Based on
these data, the above authors chose a “low” estimate of 25.4 millimeters per hour (mm/hr), a
“baseline” estimate of 76.2 mm/hr, and a high estimate of 215.9 mm/hr. Converting these
values to meters per year (m/yr) gives approximately 223 m/yr for the low estimate, 668 m/yr
for the baseline estimate, and 1,893 m/yr for the high estimate. Kleinfelder selected the
baseline value of 668 m/yr for use.

Source length parallel to groundwater flow (m)

Kleinfelder understands the “source length parallel to groundwater flow” variable to be the
dimension of the areal extent of soil contamination in the direction of groundwater flow. This
parameter can be determined Site-specifically providing there are adequate subsurface soil
data from soil borings or monitoring well logs to assess the areal extent of subsurface soil
contamination. The maximum “length” of the source parallel to the direction of groundwater
flow should be used for this value. This value will vary depending on the Site contaminant,
depth below ground surface (bgs), and minimum concentration selected for the evaluation.
Based on Kleinfelder’s evaluation of the Site assessment data, for hexavalent chromium at a
depth of 10 feet bgs and minimum concentration of 2 milligrams per kilogram (mg/kg), a
source length value of approximately 45 meters (m) appears to be reasonable, but at a depth
of 40 feet bgs the source length for a minimum concentration of 2 mg/kg decreases to
approximately 20 m. For TCE, a larger source length of 100 m appears reasonable.



Aquifer hydraulic conductivity (m/yr)

As indicated in an 11:24 AM December 1, 2009 e-mail from John Lindquist of CH2M HILL,
that was forwarded to Herbert Vogler of Kleinfelder at 1:42 PM on December 1, 2009 by Bob
Fitzgerald of the United States Envorinmental Protection Agency (US EPA), a “reasonable”
hydraulic conductivity used in recent modeling is 217 feet per day. This value converts to
approximately 24,157 m/yr.

Hydraulic gradient (m/m)

Hydraulic gradients were calculated by Kleinfelder based on data for on-Site Wells MW1
through MW3 plus off-Site Wells MW4 through MW6 in Excello site groundwater monitoring
reports prepared by others. Kleinfelder evaluated the data for the two most recent monitoring
events, as follows:

CCI, 2008. Groundwater Monitoring Report Third Quarter 2008, Former Excello Plating
Company, 4057 Goodwin Avenue, Los Angeles, California 90039, RWQCB File No.
113.5243 . October 15.

The calculated gradient using the above report’s September 25, 2008 data is 0.0023 m
vertical/m horizontal.

CCI, 2009. Groundwater Monitoring Report First Semi-Annual 2009, Former Excello Plating
Company, 4057 Goodwin Avenue, Los Angeles, California 90039, RWQCB File No.
113.5243 . June 30.

The calculated gradient using the above report’s June 9, 2009 data is 0.0033 m vertical/m
horizontal. Kleinfelder averaged these two values, to derive an average hydraulic gradient of
0.0028 m vertical/m horizontal.

Aquifer thickness (m)

The above-referenced December 1, 2009 e-mail from John Lindquist indicates that the
current model assumes that the aquifer thickness is 161 feet, or approximately 1.7 to 1.8
times the screened interval of the Glendale South (GS) extraction wells. This thickness
converts to approximately 49 m.



The following pages of this Appendix I are excerpts from the Soil Screening Guidance 
Soil Screening Guidance published by US EPA (US EPA, 1996a), and Technical 
Background Document also published by US EPA (US EPA, 1996b), as updated by the 
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (US 
EPA, 2002b).  These pages include details regarding the derivation and use of 
Equations 10, 11, and 12 for the calculation of Site-Specific soil screening levels. 



Equation 9: Derivation of the Soil Saturation
Limit

                         Csat  =    S    (Kd ρb + θw + HN θa)

                                          ρb

Parameter/Definition (units) Default

Csat/soil saturation concentration

(mg/kg)

--

S/solubility in water (mg/L-water) chemical-specifica

ρb/dry soil bulk density (kg/L) 1 . 5

Kd /soil-water partition coefficient

      (L/kg)

Koc H foc (chemical-

specifica)

Koc /soil organic carbon/water
partition coefficient (L/kg)

chemical-specifica

foc/fraction organic carbon in
soil (g/g)

0.006 (0.6%)

θw/water-filled soil porosity

(Lwater/Lsoil)

0 . 1 5

HN/dimensionless Henry's law
constant

chemical-specifica

θa /air-filled soil porosity (Lair/Lsoil)  n - θw

n/total soil porosity (Lpore/Lsoil) 1 - (ρb /ρs)

ρs /soil particle density (kg/L) 2.65

aSee Attachment C.

Csat values represent chemical-physical limits in soil
and are not risk based.  However, since they
represent the concentration at which soil pore air is
saturated with a contaminant, volatile emissions
reach their maximum at Csat. In other words, at Csat

the emission flux from soil to air for a chemical
reaches a plateau. Volatile emissions will not
increase above this level no matter how much more
chemical is added to the soil. Chemicals with VF-
based SSLs above Csat are not likely to present a
significant volatile inhalation risk at any soil
concentration. To illustrate this point, the TDB
presents an analysis of the inhalation risk levels at
Csat for a number of chemicals commonly found at
Superfund sites whose generic SSLs (calculated using
the default parameters shown in Equation 9) are
above Csat.

The analysis indicates that these Csat values are all
well below the screening risk targets of a 10-6 cancer
risk or an HQ of 1.

Although the inhalation risks appear to be
negligible, Csa t  does indicate a potential for
nonaqueous phase liquid (NAPL) to be present in
soil and a possible risk to ground water. Thus, EPA
believes that further investigation is warranted.
Table C-3 (Attachment C) provides the physical
state, liquid or solid, of various compounds at
ambient soil temperature. When an inhalation SSL
exceeds Csat for compounds that are liquid at
ambient soil temperature, the SSL is set at Csat.
Where soil concentrations exceed a Csat-based SSL,
site managers should refer to EPA’s guidance,
Estimating the Potential for Occurrence of DNAPL
at Superfund Sites  (U.S. EPA, 1992c) for further
information on determining the likelihood of dense
nonaqueous phase liquid (DNAPL) in the subsurface.
Note that free-phase contaminants may be present
at concentrations below Csat if multiple organic
contaminants are present. The DNAPL guidance
(U.S. EPA, 1992c) also provides tools for evaluating
the potential for such multiple component mixtures
in soil.

For organic compounds that are solid at ambient soil
temperature, concentrations above Csat do not pose
a significant inhalation risk or a potential for NAPL
occurrence. Thus, soil screening decisions should be
based on the appropriate SSL for other site
pathways (e.g., migration to ground water, direct
ingestion).

Migration to Ground Water SSLs. The Soil
Screening Guidance uses a simple linear equilibrium
soil/water partition equation or a leach test to
estimate contaminant release in soil leachate. It also
uses a simple water-balance equation to calculate a
dilution factor to account for reduction of soil
leachate concentration from mixing in an aquifer. 

The methodology for developing SSLs for the migra-
tion to ground water pathway was designed for use
during the early stages of a site evaluation when
information about subsurface conditions may be
limited. Hence, the methodology is based on rather
conservative, simplified assumptions about the
release and transport of contaminants in the
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subsurface (Exhibit 12). These assumptions are
inherent in the SSL equations and should be reviewed
for consistency with the conceptual site model (see
Step 2) to determine the applicability of SSLs to the
migration to ground water pathway.

Exhibit 12: Simplifying Assumptions for
the SSL Migration to Ground Water
Pathway

• Infinite source (i.e., steady-state
concentrations are maintained over the
exposure period)

• Uniformly distributed contamination from the
surface to the top of the aquifer

• No contaminant attenuation (i.e., adsorption,
biodegradation, chemical degradation) in soil

• Instantaneous and linear equilibrium soil/water
partitioning

• Unconfined, unconsolidated aquifer with
homogeneous and isotropic hydrologic
properties

• Receptor well at the downgradient edge of the
source and screened within the plume

• No contaminant attenuation in the aquifer

• No NAPLs present (if NAPLs are present,  the
SSLs do not apply).

To calculate SSLs for the migration to ground water
pathway, multiply the acceptable ground water
concentration by the dilution factor to obtain a
target soil leachate concentration. For example, if
the dilution factor is 10 and the acceptable ground
water concentration is 0.05 mg/L, the target
soil/water leachate concentration would be 0.5 mg/L.
Next, the partition equation is used to calculate the
total soil concentration (i.e., SSL) corresponding to
this soil leachate concentration. Alternatively, if a
leach test is used, compare the target soil leachate
concentration to extract concentrations from the
leach tests. 

Equation 10: Soil Screening Level
Partitioning Equation for
Migration to Ground Water

      Screening Level                                  
         in Soil (mg/kg)     =    Cw  [ Kd +   (θw + θa HN)]

                                                                               ρb            

Parameter/Definition (units) Default

Cw/target soil leachate concentration

(mg/L)

nonzero MCLG,
MCL, or HBLa H
dilution factor

Kd/soil-water partition coefficient
(L/kg)

chemical-specificb 

Koc /soil organic carbon/water
partition coefficient (L/kg)

Koc H foc (organics)
chemical-specificb

foc /fraction organic carbon in

soil (g/g)

0.002 (0.2%)

θw/water-filled soil porosity
(Lwater/Lsoil)

0 . 3

θa/air-filled soil porosity (Lair/Lsoil) n - θw

ρb/dry soil bulk density (kg/L) 1 . 5

n/soil porosity (Lpore/Lsoil) 1-(ρb /ρs)

ρs/soil particle density (kg/L) 2.65

HN/dimensionless Henry's law
constant

chemical-specificb

(assume to be zero
for inorganic con-
taminants except
mercury)

aChemical-specific (see Attachment D).

bSee Attachment C.

Soil/Water Partition Equation. The soil/water
partition equation (Equation 10) relates
concentrations of contaminants adsorbed to soil
organic carbon to soil leachate concentrations in the
zone of contamination. It calculates SSLs
corresponding to target soil leachate contaminant
concentrations (Cw). An adjustment has been added
to the equation  to relate sorbed concentration in
soil to the measured total soil concentration. This
adjustment assumes that soil-water, solids, and gas
are conserved during sampling. If soil gas is lost
during sampling, θa should be assumed to be zero.
Likewise, for inorganic contaminants except
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mercury, there is no significant vapor pressure and
HN may be assumed to be zero.

The use of the soil/water partition equation to
calculate SSLs assumes an infinite source of
contaminants extending to the top of the aquifer.
More detailed models may be used to calculate
higher SSLs that are still protective in some
situations.  For example, contaminants at sites with
shallow sources, thick unsaturated zones, degradable
contaminants, or unsaturated zone characteristics
(e.g., clay layers) may attenuate before they reach
ground water.  The TBD provides information on
the use of unsaturated zone models for soil
screening. The decision to use such models should be
based on balancing the additional investigative and
modeling costs required to apply the more complex
models against the cost savings that will result from
higher SSLs.

Leach Test. A leach test may be used instead of the
soil/water partition equation. In some instances, a
leach test may be more useful than the partitioning
method, depending on the constituents of concern
and the possible presence of RCRA wastes. If this
option is chosen, soil parameters are not needed for
this pathway.  However, a dilution factor must still
be calculated.  This guidance suggests using the EPA
Synthetic Precipitation Leaching Procedure (SPLP,
EPA SW-846 Method 1312, U.S. EPA, 1994d). The
SPLP was developed to model an acid rain leaching
environment and is generally appropriate for a
contaminated soil scenario. Like most leach tests,
the SPLP may not be appropriate for all situations
(e.g., soils contaminated with oily constituents may
not yield suitable results). Therefore, apply the
SPLP with discretion.

EPA is aware that many leach tests are available for
application at hazardous waste sites, some of which
may be appropriate in specific situations (e.g., the
Toxicity Characteristic Leaching Procedure (TCLP)
models leaching in a municipal landfill
environment). It is beyond the scope of this
document to discuss in detail leaching procedures and
the appropriateness of their use. 

Stabilization/Solidification of CERCLA and RCRA
Wastes  (U.S. EPA, 1989b) and the EPA SAB’s
review of leaching tests (U.S. EPA, 1991b) discuss
the application of various leach tests to various

waste disposal scenarios.  Consult these documents
for further information.

See Step 3 for guidance on collecting subsurface soil
samples that can be used for leach tests. To ensure
adequate precision of leach test results, leach tests
should be conducted in triplicate. 

Dilution Factor Model .  As soil leachate moves
through soil and ground water, contaminant
concentrations are attenuated by adsorption and
degradation.  In the aquifer, dilution by clean ground
water further reduces concentrations before
contaminants reach receptor points (i.e., drinking
water wells).  This reduction in concentration can be
expressed by a dilution attenuation factor (DAF),
defined as the ratio of soil leachate concentration to
receptor point concentration.  The lowest possible
DAF is 1, corresponding to the situation where there
is no dilution or attenuation of a contaminant (i.e.,
when the concentration in the receptor well is equal
to the soil leachate concentration).  On the other
hand, high DAF values correspond to a large
reduction in contaminant concentration from the
contaminated soil to the receptor well.

The Soil Screening Guidance addresses only one of
these dilution-attenuation processes: contaminant
dilution in ground water. A simple mixing zone
equation derived from a water-balance relationship
(Equation 11) is used to calculate a site-specific
dilution factor. Mixing-zone depth is estimated from
Equation 12, which relates it to aquifer thickness
along with the other parameters from Equation 11.
Mixing zone depth should not exceed aquifer
thickness (i.e., use aquifer thickness as the upper
limit for mixing zone depth).

Because of the uncertainty resulting from the wide
variability in subsurface conditions that affect
contaminant migration in ground water, defaults are
not provided for the dilution model equations.
Instead, a default DAF of 20 has been selected as
protective for contaminated soil sources up to 0.5
acre in size. Analyses using the mass-limit models
described below suggest that a DAF of 20 may be
protective of larger sources as well; however, this
hypothesis should be evaluated on a site-specific
basis. A discussion of the basis for the default DAF
and a description of the mass-limit analysis is found
in the TBD. However, since migration to ground
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water SSLs are most sensitive to the DAF, site-
specific dilution factors should be calculated. 

Equation 11: Derivation of Dilution Factor

                                  dilution factor = 1 +   Kid
                                                                            IL

Parameter/Definition (units)

dilution factor (unitless)

K/aquifer hydraulic
conductivity (m/yr)

i/hydraulic gradient (m/m)
I/infiltration rate (m/yr)
d/mixing zone depth (m)
L/source length parallel to

ground water flow (m)

Default

20 (0.5-acre
source)

Equation 12: Estimation of Mixing Zone Depth

               d = (0.0112 L2)0.5 + da {1 - exp[(-LI)/(Kida)]}

Parameter/Definition (units)

d/mixing zone depth (m)
L/source length parallel to ground water

flow (m)
I/infiltration rate (m/yr)
K/aquifer hydraulic conductivity (m/yr)
i/hydraulic gradient (m/m)
da/aquifer thickness (m)

Mass-Limit SSLs. Use of infinite source models to
estimate volatilization and migration to ground
water can violate mass balance considerations,
especially for small sources. To address this concern,
the Soil Screening Guidance includes models for
calculating mass-limit SSLs for each of these
pathways (Equations 13 and 14) that provide a
lower limit to SSLs when the area and depth
(i.e., volume) of the source are known or can
be estimated reliably.

A mass-limit SSL represents the level of
contaminant in the subsurface that is still protective
when the entire volume of contamination either
volatilizes or leaches over the 30-year exposure
duration and the level of contaminant at the
receptor does not exceed the health-based limit.

To use mass-limit SSLs, determine the area and
depth of the source, calculate both standard and

mass-limit SSLs, compare them for each chemical of
concern and select the higher of the two values.
Analyze the inhalation and migration to ground
water pathways separately.

Equation 13: Mass-Limit Volatilization Factor

                                                   
                          VF  =  Q/C H  [ T H (3.15 H 107 s/yr) ]

                                                      (ρb H ds H 106 g/Mg)

Parameter/Definition (units) Default

ds /average source depth (m) site-specif ic

T/exposure interval(yr) 30

Q/C/inverse of mean conc. at
center of a square source
(g/m2-s per kg/m3)

6 8 . 8 1

ρb /dry soil bulk density (kg/L

or Mg/m3)

1 . 5

 

Equation 14: Mass-Limit Soil Screening Level
for Migration to Ground Water

                     Screening Level              
                                in Soil              =      (Cw H I H ED)

                              (mg/kg)                            ρb H ds

Parameter/Definition (units) Default

Cw/target soil leachate concentration

(mg/L)

(nonzero MCLG,
MCL, or HBL)a H
dilution factor

ds/depth of source (m) site-specif ic

I/infiltration rate (m/yr) 0 . 1 8

ED/exposure duration (yr) 70

ρb/dry soil bulk density (kg/L) 1 . 5

aChemical-specific, see Attachment D.

Note that Equations 13 and 14 require a site-specific
determination of the average depth of
contamination in the source. Step 3 provides
guidance for conducting subsurface sampling to
determine source depth. Where the actual average
depth of contamination is uncertain, a conservative
estimate should be used (e.g., the maximum possible
depth in the unsaturated zone). At many sites, the
average water table depth may be used unless there is
reason to believe that contamination extends below
the water table. In this case SSLs do not apply and 
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further investigation of the source in question is
needed.

Plant Uptake. Consumption of garden fruits and
vegetables grown in contaminated residential soils
can result in a risk to human health. This exposure
pathway applies to both surface and subsurface soils.

The TBD includes an evaluation of the soil-plant-
human pathway along with a discussion of the site-
specific factors that influence plant uptake and
plant contamination concentration. Generic
screening levels are calculated for arsenic, cadmium,
mercury, nickel, selenium, and zinc based on
empirical data on the uptake (i.e., bioconcentration)
of these inorganics into plants. In addition, levels of
inorganics that have been reported to cause
phytotoxicity (Will and Suter, 1994) are presented.
Organic compounds are not addressed due to lack of
empirical data.

The empirical data indicate that site-specific factors
such as soil type, pH, plant type, and chemical form
strongly influence the uptake of metals into plants.
Where site conditions allow for the mobility and
bioavailability of metals, the results of our generic
analysis suggest that the soil-plant-human pathway
may be of particular concern for sites with soils
contaminated with cadmium and arsenic. However,
the phytotoxicity of certain metals may limit the
amount that can be bioconcentrated in plant tissues.
The data on phytotoxicity suggest that, with the
exception of arsenic, metal concentrations in soil
that are considered toxic to plants are well below the
levels that may impact human health through the
soil-plant-human pathway. This implies that
phytotoxic effects may prevent completion of this
pathway for these metals. However, like plant
uptake, phytotoxicity is also greatly influenced by
the site-specific factors mentioned above. Thus, it is
necessary to evaluate on a site-specific basis, the
potential bioavailability of certain inorganics for the
soil-plant-human pathway and the potential for
phytotoxic effects in order to assess possible human
health and ecological impacts through plant uptake.

2.5.3 Address Exposure to Multiple
Chemicals. The SSLs generally correspond to a
10-6 risk level for carcinogens and a hazard quotient
of 1 for noncarcinogens. This “target” hazard
quotient is used to calculate a soil concentration
below which it is unlikely that sensitive populations

will experience adverse health effects. The potential
for additive effects has not been “built in” to the
SSLs through apportionment. For carcinogens, EPA
believes that setting a 10-6 risk level for individual
chemicals and pathways generally will lead to
cumulative site risks within the 10-4 to 10-6 risk
range for the combinations of chemicals typically
found at NPL sites.

For noncarcinogens, there is no widely accepted risk
range, and EPA recognizes that cumulative risks
from noncarcinogenic contaminants at a site could
exceed the target hazard quotient. However, EPA
also recognizes that noncancer risks should be
added only for those chemicals with the same
toxic endpoint or mechanism of action.

Ideally, chemicals would be grouped according to
their exact mechanism of action, and effect-specific
toxicity criteria would be available for chemicals
exhibiting multiple effects. Instead, data are often
limited to gross toxicological effects in an organ
(e.g., increased liver weight) or an entire organ
system (e.g., neurotoxicity), and RfDs/reference
concentrations (RfCs) are available for just one of
the several possible endpoints of toxicity for a
chemical.  

Given the currently available cri teria,
noncarcinogenic contaminants should be grouped
according to the critical effect listed as the basis for
the RfD/RfC.  If more than one chemical detected at
a site affects the same target organ/system, SSLs for
those chemicals should be divided by the number of
chemicals present in the group.  Exhibit 13 lists
several chemicals with noncarcinogenic affects in
the same target organ/system.  However, the list is
limited, and a toxicologist should be consulted prior
to using SSLs on a site-specific basis.

If additive risks are being considered in developing
site-specific SSLs for subsurface soils, recognize that,
for certain chemicals, SSLs may be based on a
“ceiling limit” concentration (Csat) instead of
toxicity. Because they are not risk-based, Csat-based
SSLs should not be modified to account for
additivity.
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reasonable number that would be at the more conservative end of the range. This equates to a
corrected threshold friction velocity of 0.625 m/s and an equivalent windspeed of 11.3 m/s at a
height of 7 meters.

As with the VF model, Q/C values are needed to calculate the PEF (Equation 10); use the QC value in
Table 3 that best represents a site's size and meteorologic conditions (i.e., the same value used to
calculate the VF; see Section 2.4.2). Cowherd et al. (1985) describe how to obtain site-specific
estimates of V, Um, Ut, and F(x).

Unlike volatile contaminants, meteorologic conditions (i.e., the intensity and frequency of wind)
affect both the dispersion and emissions of particulate matter. For this reason, a separate default Q/C
value was derived for particulate matter [nominally 10 µm and less (PM10)] emissions for the generic
SSLs. The PEF equation was used to calculate annual average concentrations for each of 29 sites
across the country. To develop a reasonably conservative default Q/C for calculating generic SSLs, a
default site (Minneapolis, MN) was selected that best approximated the 90th percentile
concentration.

The results produced a revised default PEF Q/C value of 90.80 g/m2-s per kg/m3 for a 0.5-acre site
(see Appendix D; EQ, 1994). The generic PEF derived using the default values in Equation 10 is 1.32
x 109 m3/kg, which corresponds to a receptor point concentration of approximately 0.76 µg/m3.
This represents an annual average emission rate based on wind erosion that should be compared with
chronic health criteria; it is not appropriate for evaluating the potential for more acute exposures.

Derivation of the Particulate Emission Factor

PEF ( m 3 / kg)   =  Q / C H   
3 , 600 s / h 

0 . 036  H   ( 1 − V )   H   ( U m / U t ) 
3   H  F( x ) 

(10)

Parameter/Definition (units) Default Source

PEF/particulate emission factor (m3/kg) 1.32 x 109 - -

Q/C/inverse of mean conc. at center of square source
    (g/m2-s per kg/m3)

90.80 Table 3 (for 0.5-acre source in
Minneapolis, MN)

V/fraction of vegetative cover (unitless) 0.5 (50%) U.S. EPA, 1991b

Um/mean annual windspeed (m/s) 4.69 EQ, 1994

Ut/equivalent threshold value of windspeed at 7 m (m/s) 11.32 U.S. EPA, 1991b

F(x)/function dependent on Um/Ut derived using

    Cowherd et al. (1985) (unitless)

0.194 U.S. EPA, 1991b

2 .5 Migration to Ground Water

The methodology for calculating SSLs for the migration to ground water pathway was developed to
identify chemical concentrations in soil that have the potential to contaminate ground water.
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Migration of contaminants from soil to ground water can be envisioned as a two-stage process: (1)
release of contaminant in soil leachate and (2) transport of the contaminant through the underlying
soil and aquifer to a receptor well. The SSL methodology considers both of these fate and transport
mechanisms.

The methodology incorporates a standard linear equilibrium soil/water partition equation to estimate
contaminant release in soil leachate (see Sections 2.5.1 through 2.5.4) and a simple water-balance
equation that calculates a dilution factor to account for dilution of soil leachate in an aquifer (see
Section 2.5.5). The dilution factor represents the reduction in soil leachate contaminant
concentrations by mixing in the aquifer, expressed as the ratio of leachate concentration to the
concentration in ground water at the receptor point (i.e., drinking water well). Because the infinite
source assumption can result in mass-balance violations for soluble contaminants and small sources,
mass-limit models are provided that limit the amount of contaminant migrating from soil to ground
water to the total amount of contaminant present in the source (see Section 2.6).

SSLs are backcalculated from acceptable ground water concentrations (i.e., nonzero MCLGs, MCLs,
or HBLs; see Section 2.1). First, the acceptable ground water concentration is multiplied by a dilution
factor to obtain a target leachate concentration. For example, if the dilution factor is 10 and the
acceptable ground water concentration is 0.05 mg/L, the target soil leachate concentration would be
0.5 mg/L. The partition equation is then used to calculate the total soil concentration (i.e., SSL)
corresponding to this soil leachate concentration. 

The methodology for calculating SSLs for the migration to ground water pathway was developed
under the following constraints:

• Because of the large nationwide variability in ground water vulnerability, the
methodology should be flexible, allowing adjustments for site-specific conditions if
adequate information is available.

• To be appropriate for early-stage application, the methodology needs to be simple,
requiring a minimum of site-specific data.

• The methodology should be consistent with current understanding of subsurface
processes.

• The process of developing and applying SSLs should generate information that can be
used and built upon as a site evaluation progresses.

Flexibility is achieved by using readily obtainable site-specific data in standardized equations;
conservative default input parameters are also provided for use when site-specific data are not
available. In addition, more complex unsaturated zone fate-and-transport models have been identified
that can be used to calculate SSLs when more detailed site-specific information is available or can be
obtained (see Part 3). These models can extend the applicability of SSLs to subsurface conditions that
are not adequately addressed by the simple equations (e.g., deep water tables; clay layers or other
unsaturated zone characteristics that can attenuate contaminants before they reach ground water).

The SSL methodology was designed for use during the early stages of a site evaluation when
information about subsurface conditions may be limited. Because of this constraint, the methodology
is based on conservative, simplifying assumptions about the release and transport of contaminants in
the subsurface (see Highlight 2).
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Highlight 2: Simplifying Assumptions for the Migration to Ground Water Pathway

• The source is infinite (i.e., steady-state concentrations will be maintained in ground water over the
exposure period of interest).

• Contaminants are uniformly distributed throughout the zone of contamination.

• Soil contamination extends from the surface to the water table (i.e., adsorption sites are filled in the
unsaturated zone beneath the area of contamination).

• There is no chemical or biological degradation in the unsaturated zone.

• Equilibrium soil/water partitioning is instantaneous and linear in the contaminated soil.

• The receptor well is at the edge of the source (i.e., there is no dilution from recharge downgradient of
the site) and is screened within the plume.

• The aquifer is unconsolidated and unconfined (surficial).

• Aquifer properties are homogeneous and isotropic.

• There is no attenuation (i.e., adsorption or degradation) of contaminants in the aquifer.

• NAPLs are not present at the site.

Although simplified, the SSL methodology described in this section is theoretically and operationally
consistent with the more sophisticated investigation and modeling efforts that are conducted to
develop soil cleanup goals and cleanup levels for protection of ground water at Superfund sites. SSLs
developed using this methodology can be viewed as evolving risk-based levels that can be refined as
more site information becomes available. The early use of the methodology at a site will help focus
further subsurface investigations on areas of true concern with respect to ground water quality and
will provide information on soil characteristics, aquifer characteristics, and chemical properties that
can be built upon as a site evaluation progresses. 

2.5.1 Development of Soil/Water Partition Equation . The methodology used to
estimate contaminant release in soil leachate is based on the Freundlich equation, which was
developed to model sorption from liquids to solids. The basic Freundlich equation applied to the
soil/water system is:

K 
d 
= C 

s 
/ C n 

w 
(11)

where

Kd = Freundlich soil/water partition coefficient (L/kg)
Cs = concentration sorbed on soil (mg/kg)
Cw = solution concentration (mg/L)
n = Freundlich exponent (dimensionless).

34



Assuming that adsorption is linear with respect to concentration (n=1)* and rearranging to
backcalculate a sorbed concentration (Cs):

Cs = (Kd) Cw (12)

For SSL calculation, Cw is the target soil leachate concentration.

Adjusting Sorbed Soil Concentrations to Total Concentrations. To develop a
screening level for comparison with contaminated soil samples, the sorbed concentration derived
above (Cs) must be related to the total concentration measured in a soil sample (Ct). In a soil sample,
contaminants can be associated with the solid soil materials, the soil water, and the soil air as follows
(Feenstra et al., 1991):

Mt = Ms + Mw + Ma (13)

where

Mt = total contaminant mass in sample (mg)
Ms = contaminant mass sorbed on soil materials (mg)
Mw = contaminant mass in soil water (mg)
Ma = contaminant mass in soil air (mg).

Furthermore,
Mt = Ct ρb Vsp , (14)

Ms = Cs ρb Vsp , (15)

Mw = Cw θw Vsp , (16)
and

Ma = Ca θa Vsp , (17)

where

ρb = dry soil bulk density (kg/L)
Vsp = sample volume (L)
θw = water-filled porosity (Lwater/Lsoil)
Ca = concentration on soil pore air (mg/Lsoil)
θa = air-filled soil porosity (Lair/Lsoil).

For contaminated soils (with concentrations below Csat), Ca may be determined from Cw and the
dimensionless Henry's law constant (HN) using the following relationship:

Ca = Cw HN (18)

* The linear assumption will tend to overestimate sorption and underestimate desorption for most organics at higher
concentrations (i.e., above 10-5 M for organics) (Piwoni and Banerjee, 1989).
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thus

Ma = Cw HN θa Vsp (19)

Substituting into Equation 13:

C t   =   
C s ρ b   +   C w θ w   +   C w H N θ a 

ρ b 

(20)

or

C s   =   C t   −   C w   
ä 

ã 
å å å 
å å å θ w   +   θ a H N 

ρ b 

ë 

í 
ì ì ì 
ì ì ì 

(21)

Substituting into Equation 12 and rearranging:

Soil-Water Partition Equation for Migration to Ground Water Pathway: Inorganic
Contaminants

C t   =   C w   
ä 

ã 
å å å 
å å å K d   +   

θ w   +   θ a H N 

ρ b 

ë 

í 
ì ì ì 
ì ì ì 

(22)

Parameter/Definition (units) Default Source

Ct/screening level in soil (mg/kg) -- --

Cw/target soil leachate concentration
(mg/L)

(nonzero MCLG, MCL,
or HBL) × 20 DAF

Table 1 (nonzero MCLG, MCL); Section
2.5.6 (DAF for 0.5-acre source)

Kd/soil-water partition coefficient (L/kg) chemical-specific see Part 5

θw/water-filled soil porosity (Lwater/Lsoil) 0.3 (30%) U.S. EPA/ORD

θa/air-filled soil porosity (Lair/Lsoil) 0.13 n - θw

n/total soil porosity (Lpore/Lsoil) 0.43 1 - ρb /ρs

ρb/dry soil bulk density (kg/L) 1.5 U.S. EPA, 1991b

ρs/soil particle density (kg/L) 2.65 U.S. EPA, 1991b

HN/dimensionless Henry's law constant H × 41, where 41 is a
conversion factor

U.S. EPA, 1991b

H/Henry's law constant (atm-m3/mol) chemical-specific see Part 5
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Equation 22 is used to calculate SSLs (total soil concentrations, Ct) corresponding to soil leachate
concentrations (Cw) equal to the target contaminant soil leachate concentration. The equation
assumes that soil water, solids, and gas are conserved during sampling. If soil gas is lost during
sampling, θa should be assumed to be zero. Likewise, for inorganic contaminants except mercury,
there is no significant vapor pressure and HN may be assumed to be zero.

The User’s Guide (U.S. EPA, 1996) describes how to develop site-specific estimates of the soil
parameters needed to calculate SSLs. Default soil parameter values for the partition equation are the
same as those used for the VF equation (see Section 2.4.2) except for average water-filled soil
porosity (θw). A conservative value (0.15) was used in the VF equation because the model is most
sensitive to this parameter. Because migration to ground water SSLs are not particularly sensitive to
soil water content (see Section 2.5.7), a value that is more typical of subsurface conditions (0.30) was
used. This value is between the mean field capacity (0.20) of Class B soils (Carsel et al., 1988) and
the saturated volumetric water content for loam (0.43).

Kd varies by chemical and soil type. Because of different influences on Kd values, derivations of Kd

values for organic compounds and metals were treated separately in the SSL methodology.

2.5.2 Organic Compounds—Partition Theory. Past research has demonstrated that,
for hydrophobic organic chemicals, soil organic matter is the dominant sorbing component in soil
and that Kd is linear with respect to soil organic carbon content (OC) as long as OC is above a critical
level (Dragun, 1988). Thus, Kd can be normalized with respect to soil organic carbon to Koc, a
chemical-specific partitioning coefficient that is independent of soil type, as follows:

Kd = Koc foc (23)

where

Koc = organic carbon partition coefficient (L/kg)
foc = fraction of organic carbon in soil (mg/mg)

Substituting into Equation 22:

Soil-Water Partition Equation for Migration to Ground Water Pathway: Organic
Contaminants

C t   =   C w   
ä 

ã 
å å å 
å å å ( K oc foc)   +   

θ w   +   θ a H N 

ρ b 

  
ë 

í 
ì ì ì 
ì ì ì 

(24)
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Parameter/Definition (units) Default Source

Ct/screening level in soil mg/kg) -- --

Cw/target leachate concentration (mg/L) (nonzero MCLG, MCL,
or HBL) × 20 DAF

Table 1 (MCL, nonzero MCLG); Section
2.5.6 (DAF for a 0.5-acre source)

Koc/soil organic carbon-water partition
coefficient (L/kg)

chemical-specific see Part 5

foc/organic carbon content of soil (kg/kg) 0.002 (0.2%) Carsel et al., 1988

θw/water-filled soil porosity (Lwater/Lsoil) 0.3 (30%) U.S. EPA/ORD

θa/air-filled soil porosity (Lair/Lsoil) 0.13 n - θw

n/total soil porosity (Lpore/Lsoil) 0.43 1 - ρb/ρs

ρb/dry soil bulk density (kg/L) 1.5 U.S. EPA, 1991b

ρs/soil particle density (kg/L) 2.65 U.S. EPA, 1991b

HN/dimensionless Henry's law constant H × 41, where 41 is a
conversion factor

U.S. EPA, 1991b

H/Henry's law constant (atm-m3/mol) chemical-specific see Part 5

Part 5 of this document provides Koc values for organic chemicals and describes their development.

The critical organic carbon content, foc* , represents OC below which sorption to mineral surfaces
begins to be significant. This level is likely to be variable and to depend on both the properties of the
soil and of the chemical sorbate (Curtis et al., 1986). Attempts to quantitatively relate foc* to such
properties have been made (see McCarty et al., 1981), but at this time there is no reliable method for
estimating foc* for specific chemicals and soils. Nevertheless, research has demonstrated that, for
volatile halogenated hydrocarbons, foc* is about 0.001, or 0.1 percent OC, for many low-carbon soils
and aquifer materials (Piwoni and Banerjee, 1989; Schwarzenbach and Westall, 1981).

If soil OC is below this critical level, Equation 24 should be used with caution. This is especially true
if soils contain significant quantities of fine-grained minerals with high sorptive properties (e.g.,
clays). If sorption to minerals is significant, Equation 24 will underpredict sorption and overpredict
contaminant concentrations in soil pore water. However, this foc* level is by no means the case for
all soils; Abdul et al. (1987) found that, for certain organic compounds and aquifer materials, sorption
was linear and could be adequately modeled down to foc = 0.0003 by considering Koc alone.

For soils with significant inorganic and organic sorption (i.e., soils with foc < 0.001), the following
equation has been developed (McCarty et al., 1981; Karickhoff, 1984):

Kd = (Koc foc) + (Kio fio) (25)

where

Kio = soil inorganic partition coefficient
fio = fraction of inorganic material
fio + foc = 1.
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Although this equation is considered conceptually valid, Kio values are not available for the subject
chemicals. Attempts to estimate Kio values by relating sorption on low-carbon materials to
properties such as clay-size fraction, clay mineralogy, surface area, or iron-oxide content have not
revealed any consistent correlations, and semiquantitative methods are probably years away (Piwoni
and Banerjee, 1989). However, Piwoni and Banerjee developed the following empirical correlation
(by linear regression, r2 = 0.85) that can be used to estimate Kd values for hydrophobic organic
chemicals from Kow for low-carbon soils:

log Kd = 1.01 log Kow - 0.36 (26)

where

Kow = octanol/water partition coefficient.

The authors indicate that this equation should provide a Kd estimate that is within a factor of 2 or 3
of the actual value for nonpolar sorbates with log Kow < 3.7. This Kd estimate can be used in
Equation 22 for soils with foc values less than 0.001. If sorption to inorganics is not considered for
low-carbon soils where it is significant, Equation 24 will underpredict sorption and overpredict
contaminant concentrations in soil pore water (i.e., it will provide a conservative estimate).

The use of fixed Koc values in Equation 24 is valid only for hydrophobic, nonionizing organic
chemicals. Several of the organic chemicals of concern ionize in the soil environment, existing in
both neutral and ionized forms within the normal soil pH range. The relative amounts of the ionized
and neutral species are a function of pH. Because the sorptive properties of these two forms differ, it
is important to consider the relative amounts of the neutral and ionized species when determining
Koc values at a particular pH. Lee et al. (1990) developed a theoretically based algorithm, developed
from thermodynamic equilibrium equations, and demonstrated that the equation adequately predicts
laboratory-measured Koc values for pentachlorophenol (PCP) and other ionizing organic acids as a
function of pH.

The equation assumes that sorbent organic carbon determines the extent of sorption for both the
ionized and neutral species and predicts the overall sorption of a weak organic acid (Koc,p ) as follows:

Koc,p = Koc,n Φn + Koc,i (1 - Φ n ) (27)

where

Koc,n, Koc,i = sorption coefficients for the neutral and ionized species (L/kg)
Φn = (1 + 10pH - pKa )-1

pKa = acid dissociation constant.

This equation was used to develop Koc values for ionizing organic acids as a function of pH, as
described in Part 5. The User’s Guide (U.S. EPA, 1996) provides guidance on conducting site-specific
measurements of soil pH for estimating Koc values for ionizing organic compounds. Because a
national distribution of soil pH values is not available, a median U.S. ground water pH (6.8) from the
STORET database (U.S. EPA, 1992a) is used as a default soil pH value that is representative of
subsurface pH conditions.
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2.5.3 Inorganics (Metals)—Partition Theory . Equation 22 is used to estimate SSLs for
metals for the migration to ground water pathway. The derivation of Kd values is much more
complicated for metals than for organic compounds. Unlike organic compounds, for which K d values
are largely controlled by a single parameter (soil organic carbon), Kd values for metals are
significantly affected by a variety of soil conditions. The most significant parameters are pH,
oxidation-reduction conditions, iron oxide content, soil organic matter content, cation exchange
capacity, and major ion chemistry. The number of significant influencing parameters, their
variability in the field, and differences in experimental methods result in a wide range of Kd values for
individual metals reported in the literature (over 5 orders of magnitude). Thus, it is much more
difficult to derive generic Kd values for metals than for organics.

The Kd values used to generate SSLs for Ag, Ba, Be, Cd, Cr +3, Cu, Hg, Ni, and Zn were developed
using an equilibrium geochemical speciation model (MINTEQ2). The values for As, Cr6+, Se, and Th
were taken from empirical, pH-dependent adsorption relationships developed by EPA/ORD. Metal
Kd values for SSL application are presented in Part 5, along with a description of their development
and limitations. As with the ionizing organics, Kd values are selected as a function of site-specific soil
pH, and metal Kd values corresponding to a pH of 6.8 are used as defaults where site-specific pH
measurements are not available.

2.5.4 Assumptions for Soil/Water Partition Theory.  The following assumptions are
implicit in the SSL partitioning methodology. These assumptions and their implications for SSL
accuracy should be read and understood before using this methodology to calculate SSLs. 

1. There is no contaminant loss due to volatilization or degradation. The source is
considered to be infinite; i.e., these processes do not reduce soil leachate concentrations
over time. This is a conservative assumption, especially for smaller sites.

2. Adsorption is linear with concentration.  The methodology assumes that adsorption
is independent of concentration (i.e., the Freundlich exponent = 1). This has been
reported to be true for various halogenated hydrocarbons, polynuclear aromatic
hydrocarbons, benzene, and chlorinated benzenes. In addition, this assumption is valid at
low concentrations (e.g., at levels close to the MCL) for most chemicals. As
concentrations increase, however, the adsorption isotherm can depart from the linear.

Studies on trichloroethane (TCE) and chlorobenzene indicate that departure from linear
is in the nonconservative direction, with adsorbed concentrations being lower than
predicted by a linear isotherm. However, adequate information is not available to
establish nonlinear adsorption isotherms for the chemicals of interest. Furthermore, since
the SSLs are derived at relatively low target soil leachate concentrations, departures from
the linear at high concentrations do not significantly influence the accuracy of the
results.

3. The system is at equilibrium with respect to adsorption. This ignores
adsorption/desorption kinetics by assuming that the soil and pore water concentrations
are at equilibrium levels. In other words, the pore-water residence time is assumed to be
longer than the time it takes for the system to reach equilibrium conditions.

This assumption is conservat ive . If equilibrium conditions are not met, the
concentration in the pore water will be less than that predicted by the methodology. The
kinetics of adsorption are not adequately understood for a sufficient number of chemicals
and site conditions to consider equilibrium kinetics in the methodology. 
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4. Adsorption is reversible.  The methodology assumes that desorption processes operate
in the same way as adsorption processes, since most of the Koc values are measured by
adsorption experiments rather than by desorption experiments. In actuality, desorption
is slower to some degree than adsorption and, in some cases, organics can be irreversibly
bound to the soil matrix. In general, the significance of this effect increases with Kow.

This assumption is conservative. Slower desorption rates and irreversible sorption will
result in lower pore-water concentrations than that predicted by the methodology. Again,
the level of knowledge on desorption processes is not sufficient to consider desorption
kinetics and degree of reversibility for all of the subject chemicals.

2.5.5 Dilution/Attenuation Factor Development.  As contaminants in soil leachate
move through soil and ground water, they are subjected to physical, chemical, and biological
processes that tend to reduce the eventual contaminant concentration at the receptor point (i.e.,
drinking water well). These processes include adsorption onto soil and aquifer media, chemical
transformation (e.g., hydrolysis, precipitation), biological degradation, and dilution due to mixing of
the leachate with ambient ground water. The reduction in concentration can be expressed succinctly
by a DAF, which is defined as the ratio of contaminant concentration in soil leachate to the
concentration in ground water at the receptor point. When calculating SSLs, a DAF is used to
backcalculate the target soil leachate concentration from an acceptable ground water concentration
(e.g., MCLG). For example, if the acceptable ground water concentration is 0.05 mg/L and the DAF
is 10, the target leachate concentration would be 0.5 mg/L.

The SSL methodology addresses only one of these dilution-attenuation processes: contaminant
dilution in ground water. A simple equation derived from a geohydrologic water-balance relationship
has been developed for the methodology, as described in the following subsection. The ratio factor
calculated by this equation is referred to as a dilution factor rather than a DAF because it does not
consider processes that attenuate contaminants in the subsurface (i.e., adsorption and degradation
processes). This simplifying assumption was necessary for several reasons. 

First, the infinite source assumption results in all subsurface adsorption sites being eventually filled
and no longer available to attenuate contaminants. Second, soil contamination extends to the water
table, eliminating attenuation processes in the unsaturated zone. Additionally, the receptor well is
assumed to be at the edge of the source, minimizing the opportunity for attenuation in the aquifer.
Finally, chemical-specific biological and chemical degradation rates are not known for many of the
SSL chemicals; where they are available they are usually based on laboratory studies under simplified,
controlled conditions. Because natural subsurface conditions such as pH, redox conditions, soil
mineralogy, and available nutrients have been shown to markedly affect natural chemical and
biological degradation rates, and because the national variability in these properties is significant and
has not been characterized, EPA does not believe that it is possible at this time to incorporate these
degradation processes into the simple site-specific methodology for national application. 

If adsorption or degradation processes are expected to significantly attenuate contaminant
concentrations at a site (e.g., for sites with deep water tables or soil conditions that will attenuate
contaminants), the site manager is encouraged to consider the option of using more sophisticated
fate and transport models. Many of these models can consider adsorption and degradation processes
and can model transient conditions necessary to consider a finite source size. Part 3 of this document
presents information on the selection and use of such models for SSL application.
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The dilution factor model assumes that the aquifer is unconfined and unconsolidated and has
homogeneous and isotropic properties. Unconfined (surficial) aquifers are common across the
country, are vulnerable to contamination, and can be used as drinking water sources by local residents.
Dilution model results may not be applicable to fractured rock or karst aquifer types. The site
manager should consider use of more appropriate models to calculate a dilution factor (or DAF) for
such settings.

In addition, the simple dilution model does not consider facilitated transport. This ignores processes
such as colloidal transport, transport via solvents other than water (e.g., NAPLs), and transport via
dissolved organic matter (DOM). These processes have greater impact as K ow (and hence, Koc)
increases. However, the transport via solvents other than water is operative only if certain site-
specific conditions are present. Transport by DOM and colloids has been shown to be potentially
significant under certain conditions in laboratory and field studies. Although much research is in
progress on these processes, the current state of knowledge is not adequate to allow for their
consideration in SSL calculations.

If there is the potential for the presence of NAPLs in soils at the site or site area in question, SSLs
should not be used for this area (i.e., further investigation is required). The Csat equation (Equation 9)
presented in Section 2.4.4 can be used to estimate the contaminant concentration at which the
presence of pure-phase NAPLs may be suspected for contaminants that are liquid at soil temperature.
If NAPLs are suspected in site soils, refer to U.S. EPA (1992c) for additional guidance on how to
estimate the potential for DNAPL occurrence in the subsurface.

Dilution Model Development.  EPA evaluated four simple water balance models to adjust
SSLs for dilution in the aquifer. Although written in different terms, all four options reviewed can be
expressed as the same simple water balance equation to calculate a dilution factor, as follows:

Option 1 (ASTM):

dilution factor = (1 + Ugw d/IL) (28)

where

Ugw = Darcy ground water velocity (m/yr)
d = mixing zone depth (m)
I = infiltration rate (m/yr)
L = length of source parallel to flow (m).

For Darcy velocity:

Ugw = Ki (29)

where

K = aquifer hydraulic conductivity (m/yr)
i = hydraulic gradient (m/m).

Thus
dilution factor = 1 + (Kid/IL) (30)
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Option 2 (EPA Ground Water Forum):

dilution factor = (Qp + QA)/Qp (31)

where

Qp = percolation flow rate (m3/yr)
QA = aquifer flow rate (m3/yr)

For percolation flow rate:

Qp = IA (32)

where

A = facility area (m2) = WL.

For aquifer flow rate:

QA = WdKi (33)

where

W = width of source perpendicular to flow (m)
d = mixing zone depth (m).

Thus

dilution factor = (IA + WdKi)/IWL

= 1 + (Kid/IL) (34)

Option 3 (Summers Model):

Cw = (Qp Cp)/(Qp + QA) (35)

where

Cw = ground water contaminant concentration (mg/L)
Cp = soil leachate concentration (mg/L)

given that

Cw = Cp/dilution factor
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1/dilution factor = Qp/(Qp + QA)

or
dilution factor = (Qp + QA)/Qp (see Option 2) 

Option 4 (EPA ORD/RSKERL):

dilution factor = (Qp + QA)/Qp = RX/RL (36)

where

R = recharge rate (m/yr) = infiltration rate (I, m/yr)
X = distance from receptor well to ground water divide (m)

(Note that the intermediate equation is the same as Option 2.)

This option is a longer-term option that is not considered further in this analysis because valid X
values are not currently available either nationally or for specific sites. EPA is considering
developing regional estimates for these parameters.

Dilution Model Input Parameters. As shown, all three options for calculating
contaminant dilution in ground water can be expressed as the same equation:

Ground Water Dilution Factor

dilution factor = 1 + (Kid/IL) (37)

Parameter/Definition (units)

K/aquifer hydraulic conductivity (m/yr)
i/hydraulic gradient (m/m)
d/mixing zone depth (m)
I/infiltration rate (m/yr)
L/source length parallel to ground water flow (m)

Mixing Zone Depth (d). Because of its dependence on the other variables, mixing zone depth is
estimated with the method used for the MULTIMED model (Sharp-Hansen et al., 1990). The
MULTIMED estimation method was selected to be consistent with that used by EPA's Office of Solid
Waste for the EPA Composite Model for Landfills (EPACML). The equation for estimating mixing
zone depth (d) is as follows:

d = (2αvL)0.5 + da {1 - exp[(-LI)/(Vsneda)]} (38)
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where

αv = vertical dispersivity (m/m)
Vs = horizontal seepage velocity (m/yr)
ne = effective aquifer porosity (Lpore/Laquifer)
da = aquifer depth (m).

The first term, (2αvL)0.5, estimates the depth of mixing due to vertical dispersivity (dαv) along the
length of ground water travel. Defining the point of compliance with ground water standards at the
downgradient edge of the source, this travel distance becomes the length of the source parallel to flow
L. Vertical dispersivity can be estimated by the following relationship (Gelhar and Axness, 1981):

αv = 0.056 αL (39)

where

αL = longitudinal dispersivity = 0.1 xr

xr = horizontal distance to receptor (m).

Because the potential receptor is assumed to have a well at the edge of the facility, xr = L and

αv = 0.0056 L (40)

Thus

dαv = (0.0112 L2)0.5 (41)

The second term, da {1 - exp[(-LI) / (Vsneda)]}, estimates the depth of mixing due to the downward
velocity of infiltrating water, dIv. In this equation, the following substitution may be made:

Vs = Ki/ne (42)

so

dIv = da {1 - exp[(-LI)/(Kida)]} (43)

Thus, mixing zone depth is calculated as follows:

d = dαv + dIv (44)

Estimation of Mixing Zone Depth

d = (0.0112 L2)0.5 + da {1 - exp[(-LI)/(Kida)]} (45)
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Parameter/Definition (units)

d/mixing zone depth (m)
L/source length parallel to ground water flow (m)
I/infiltration rate (m/yr)
K/aquifer hydraulic conductivity (m/yr)
da/aquifer thickness (m)

Incorporation of this equation for mixing zone depth into the SSL dilution equation results in five
parameters that must be estimated to calculate dilution: source length (L), infiltration rate (I), aquifer
hydraulic conductivity (K), aquifer hydraulic gradient (i), and aquifer thickness (da). Aquifer thickness
also serves as a limit for mixing zone depth. The User’s Guide (U.S. EPA, 1996) describes how to
develop site-specific estimates for these parameters. Parameter definitions and defaults used to
develop generic SSLs are as follows:

• Source Length (L) is the length of the source (i.e., area of contaminated soil) parallel to
ground water flow and affects the flux of contaminant released in soil leachate (IL) as well as
the depth of mixing in the aquifer. The default option for this parameter assumes a square,
0.5-acre contaminant source. This default was changed from 30 acres in response to
comments to be more representative of actual contaminated soil sources (see Section 1.3.4).
Increasing source area (and thereby area) may result in a lower dilution factor. Appendix A
includes an analysis of the conservatism associated with the 0.5-acre source size.

• Infiltration Rate (I). Infiltration rate times the source area determines the amount of
contaminant (in soil leachate) that enters the aquifer over time. Thus, increasing infiltration
decreases the dilution factor. Two options can be used to generate infiltration rate estimates
for SSL calculation. The first assumes that infiltration rate is equivalent to recharge. This is
generally true for uncontrolled contaminated soil sites but would be conservative for capped
sites (infiltration < recharge) and nonconservative for sites with an additional source of
infiltration, such as surface impoundments (infiltration > recharge). Recharge estimates for
this option can be obtained from Aller et al. (1987) by hydrogeologic setting, as described in
Section 2.5.6.

The second option is to use the HELP model to estimate infiltration, as was done for OSW's
EPACML and EPA's Composite Model for Leachate Migration with Transformation
Products (EPACMTP) modeling efforts. The Soil Screening Guidance (U.S. EPA, 1995c)
provides information on obtaining and using the HELP model to estimate site-specific
infiltration rates.

• Aquifer Parameters. Aquifer parameters needed for the dilution factor model include
hydraulic conductivity (K, m/yr), hydraulic gradient (i, m/m), and aquifer thickness (da, m).
The User’s Guide (U.S. EPA, 1996) describes how to develop aquifer parameter estimates for
calculating a site-specific dilution factor.

2.5.6 Default Dilution-Attenuation Factor. EPA has selected a default DAF of 20 to
account for contaminant dilution and attenuation during transport through the saturated zone to a
compliance point (i.e., receptor well). At most sites, this adjustment will more accurately reflect a
contaminant's threat to ground water resources than assuming a DAF of 1 (i.e., no dilution or
attenuation). EPA selected a DAF of 20 using a "weight of evidence" approach. This approach
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considers results from OSW's EPACMTP model as well as results from applying the SSL dilution
model described in Section 2.5.5 to 300 ground water sites across the country.

The default DAF of 20 represents an adjustment from the DAF of 10 presented in the December
1994 draft Soil Screening Guidance (U.S. EPA, 1994h) to reflect a change in default source size from
30 acres to 0.05 acre. A DAF of 20 is protective for sources up to 0.5 acre in size. Analyses
presented in Appendix A indicate that it can be protective of larger sources as well. However, this
hypothesis should be examined on a case-by-case basis before applying a DAF of 20 to sources larger
than 0.5 acre. 

EPACMTP Modeling Effort. One model considered during selection of the default DAF is
described in Background Document for EPA's Composite Model for Leachate Migration with
Transformation Products (U.S. EPA, 1993a). EPACMTP has a three-dimensional module to simulate
ground water flow that can account for mounding under waste sites. The model also has a three-
dimensional transport module and both linear and nonlinear adsorption in the unsaturated and
saturated zones and can simulate chain decay, thus allowing the simulation of the formation and the
fate and transport of daughter (transformation) products of degrading chemicals. The model can also
be used to simulate a finite source scenario.

EPACMTP is comprised of three main interconnected modules:

• An unsaturated zone flow and contaminant fate and transport module

• A saturated zone ground water flow and contaminant fate and transport module

• A Monte Carlo driver module, which generates model parameters from nationwide
probability distributions.

The unsaturated and saturated zone modules simulate the migration of contaminants from initial
release from the soil to a downgradient receptor well. More information on the EPACMTP model is
provided in Appendix E.

EPA has extensively verified both the unsaturated and saturated zone modules of the EPACMTP
against other available analytical and numerical models to ensure accuracy and efficiency. Both the
unsaturated zone and the saturated zone modules of the EPACMTP have been reviewed by the EPA
Science Advisory Board and found to be suitable for generic applications such as the derivation of
nationwide DAFs.

EPACMTP Model Inputs (SSL Application). For nationwide Monte Carlo model
applications, the input to the model is in the form of probability distributions of each of the model
input parameters. The output from the model consists of the probability distribution of DAF values,
representing the likelihood that the DAF will not be less than a certain value. For instance, a 90th
percentile DAF of 10 means that the DAF will be 10 or higher in at least 90 percent of the cases.

For each model input parameter, a probability distribution is provided, describing the nationwide
likelihood that the parameter has a certain value. The parameters are divided into four main groups:

• Source-specific parameters, e.g., area of the waste unit, infiltration rate

• Chemical-specific parameters, e.g., hydrolysis constants, organic carbon partition
coefficient
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• Unsaturated zone-specific parameters, e.g., depth to water table, soil hydraulic
conductivity

• Saturated zone-specific parameters, e.g., saturated zone thickness, ambient ground
water flow rate, location of nearest receptor well.

Probability distributions for each parameter used in the model have been derived from nationwide
surveys of waste sites, such as EPA's landfill survey (53 FR 28692). During the Monte Carlo
simulation, values for each model parameter are randomly drawn from their respective probability
distributions. In the calculation of the DAFs for generic SSLs, site data from over 1,300 municipal
landfill sites in OSW's Subtitle D Landfill Survey were used to define parameter ranges and
distributions. Each combination of randomly drawn parameter values represents one out of a
practically infinite universe of possible waste sites. The fate and transport modules are executed for
the specific set of model parameters, yielding a corresponding DAF value. This procedure is repeated,
typically on the order of several thousand times, to ensure that the entire universe of possible
parameter combinations (waste sites) is adequately sampled. In the derivation of DAFs for generic
SSLs, the model simulations were repeated 15,000 times for each scenario investigated. At the
conclusion of the analysis, a cumulative frequency distribution of DAF values was constructed and
plotted.
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Parameters:

Figure 3. Migration to ground water pathway—EPACMTP modeling
effort.

EPA assumed an infinite waste source of fixed area for the generic SSL modeling scenario. EPA chose
this relatively conservative assumption because of limited information on the nationwide distribution
of the volumes of contaminated soil sources. For the SSL modeling scenario, EPA performed a
number of sensitivity analyses consisting of fixing one parameter at a time to determine the
parameters that have the greatest impact on DAFs. The results of the sensitivity analyses indicate
that the climate (net precipitation), soil types, and size of the contaminated area have the greatest
effect on the DAFs. The EPA feels that the size of the contaminated area lends itself most readily to
practical application to SSLs.

To calculate DAFs for the SSL scenario, the receptor point was taken to be a domestic drinking water
well located on the downgradient edge of the contaminated area. The location of the intake point
(receptor well screen) was assumed to vary between 15 and 300 feet below the water table (these
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values are based on empirical data reflecting a national sample distribution of depth of residential
drinking water wells). The location of the intake point allows for mixing within the aquifer. EPA
believes that this is a reasonable assumption because there will always be some dilution attributed to
the pumping of water for residential use from an aquifer. The horizontal placement of the well was
assumed to vary uniformly along the center of the downgradient edge of the source within a width of
one-half of the width of the source. Degradation and retardation of contaminants were not
considered in this analysis. Figure 3 is a schematic showing aspects of the subsurface SSL conceptual
model used in the EPACMTP modeling effort. Appendix E is the background document prepared by
EPA/OSW for this modeling effort.

EPACMTP Model Results. The results of the EPACMTP analyses indicate a DAF of about
170 for a 0.5-acre source at the 90th percentile protection level (Table 5). If a 95th percentile
protection level is used, a DAF of 7 is protective for a 0.5-acre source. 

Table 5. Variation of DAF with Size of Source Area for SSL EPACMTP
Modeling Effort

DAF

Area (acres) 8 5 t h 9 0 t h 9 5 t h

0.02 1.42E+07 2.09E+05 946
0.04 9.19E+05 2.83E+04 211
0.11 5.54E+04 2.74E+03 44
0.23 1.16E+04 644 15
0.50 2.50E+03 170 7.0

0.69 1.43E+03 120 4.5
1.1 668 60 3.1
1.6 417 38 2.5
1.8 350 33 2.3
3.4 159 18 1.7
4.6 115 13 1.6

11.5 41 5.5 1.2
23 21 3.5 1.2
30 16 3.0 1.1
46 12 2.4 1.1
69 8.7 2.0 1.1

 
Dilution Factor Modeling Effort . To gain further information on the national range and
distribution of DAF values, EPA also applied the simple SSL water balance dilution model to ground
water sites included in two large surveys of hydrogeologic site investigations. These were American
Petroleum Institute's (API's) hydrogeologic database (HGDB) and EPA's database of conditions at
Superfund sites contaminated with DNAPL. 

The HGDB contains the results of a survey sponsored by API and the National Water Well
Association (NWWA) to determine the national variability in simple hydrogeologic parameters
(Newell et al., 1989). The survey was conducted to validate EPA's use of the EPACML model as a
screening tool for the land disposal of hazardous wastes. The survey involved more than 400 ground

49



water professionals who submitted data on aquifer characteristics from field investigations at actual
waste sites and other ground water projects. The information was compiled in HGDB, which is
available from API and is included in OASIS, an EPA-sponsored ground water decision support
system. Newell et al. (1990) also present these data as "national average" conditions and by
hydrogeologic settings based on those defined by Aller et al. (1987) for the DRASTIC modeling
effort. Aller et al. (1987) defined these settings within the overall framework defined by Heath's
ground water regions (Heath, 1984). The HGDB estimates of hydraulic conductivity and hydraulic
gradient show reasonable agreement with those in Aller et al. (1987), which serves as another source
of estimates for these parameters.

The SSL dilution factor model (including the associated mixing zone depth model) requires estimates
for five parameters:

da = aquifer thickness (m)
L = length of source parallel to flow (m) 
I = infiltration rate (m/yr)
K = aquifer hydraulic conductivity (m/yr)
i = hydraulic gradient (m/m).

Dilution factors were calculated by individual HGDB or DNAPL site to retain as much site-correlated
parameter information as possible. The HGDB contains estimates of aquifer thickness (da), aquifer
hydraulic conductivity (K), and aquifer hydraulic gradient (i) for 272 ground water sites. The aquifer
hydraulic conductivity estimates were examined for these sites, and sites with reported values less
than 5 H  10-5 cm/s were culled from the database because formations with lower hydraulic
conductivity values are not likely to be used as drinking water sources. In addition, sites in fractured
rock or solution limestone settings were removed because the dilution factor model does not
adequately address such aquifers. This resulted in 208 sites remaining in the HGDB. The DNAPL site
database contains 92 site estimates of seepage velocity (− 

V ), which can be related to hydraulic
conductivity and hydraulic gradient by the following relationship:

− 
V = Ki / n e 

(46)

where

ne = effective porosity.

Effective porosity (ne) was assumed to be 0.35, which is representative of sand and gravel aquifers
(the most prevalent aquifer type in the HGDB). Thus, for the DNAPL sites, 0.35H− 

V  was substituted
for Ki in the dilution factor equation. 

Estimates of the other parameters required for the modeling effort are described below. Site-specific
values were used where available. Because the modeling effort uses a number of site-specific modeling
results to determine a nationwide distribution of dilution factors, typical values were used to estimate
parameters for sites without site-specific estimates.

Source Length (L).  The contaminant source (i.e., area of soil contamination) was assumed
to be square. This assumption may be conservative for sites with their longer dimensions
perpendicular to ground water flow or nonconservative for sites with their longer dimensions parallel
to ground water flow. The source length was calculated as the square root of the source area for the
source sizes in question. To cover a range of contaminated soil source area sizes, five source sizes
were modeled: 0.5 acre, 10 acres, 30 acres, 60 acres, and 100 acres. 
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Infiltration Rate (I) . Infiltration rate estimates were not available in either database.
Recharge estimates for individual hydrogeologic settings from Aller et al. (1987) were used as
infiltration estimates (i.e., it was assumed that infiltration = recharge). Because of differences in
database contents, it was necessary to use different approaches to obtaining recharge/infiltration
estimates for the HGDB and DNAPL sites.

The HGDB places each of its sites in one of the hydrogeologic settings defined by Aller et al. (1987).
A recharge estimate for each HGDB site was simply extracted for the appropriate setting from Aller
et al. The median of the recharge range presented was used (Table 6). 

The DNAPL database does not contain sufficient hydrogeologic information to place each site into
the Aller et al. settings. Instead, each of the 92 DNAPL sites was placed in one of Heath's ground
water regions. The sites were found to lie within five hydrogeologic regions: nonglaciated central,
glaciated central, piedmont/blue ridge, northeast and superior uplands, and Atlantic/Gulf coastal plain.
Recharge was estimated for each region by averaging the median recharge value from all
hydrogeologic settings except for those with steep slopes. The appropriate Heath region recharge
estimate was then used for each DNAPL site in the dilution factor calculations. 

Aquifer Parameters. All aquifer parameters needed for the SSL dilution model are included
in the HGDB. Because hydraulic conductivity and gradient are included in the seepage velocity
estimates in the DNAPL site database, only aquifer thickness was unknown for these sites. Aquifer
thickness for all DNAPL sites was set at 9.1 m, which is the median value for the "national average"
condition in the HGDB (Newell et al., 1990). 

Dilution Modeling Results. Table 7 presents summary statistics for the 92 DNAPL
sites, the 208 HGDB sites, and all 300 sites. One can see that the HGDB sites generally have lower
dilution factors than the DNAPL sites, although the absolute range in values is greater in the HGDB.
However, the available information for these sites is insufficient to fully explain the differences in
these data sets. The wide range of dilution factors for these sites reflects the nationwide variability in
hydrogeologic conditions affecting this parameter. The large difference between the average and
geometric mean statistics indicates a distribution skewed toward the lower dilution factor values. The
geometric mean represents a better estimate of the central tendency of such skewed distributions.
Appendix F presents the dilution modeling inputs and results for the HGDB and DNAPL sites,
tabulated by individual site. 

Selection of the Default DAF. The default DAF was selected considering the evidence of
the national DAF and dilution factor estimates described above. A DAF of 10 was selected in the
December 1994 draft Soil Screening Guidance to be protective of a 30-acre source size. The
EPACMTP model results showed a DAF of 3 for 30 acres at the 90th percentile. The SSL dilution
model results have geometric mean dilution factors for a 30-acre source of 10 and 7 for DNAPL sites
and HGDB sites, respectively. In a weight of evidence approach, more weight was given to the results
of the DNAPL sites because they are representative of the kind of sites to which SSLs are likely to be
applied. Considering the conservative assumptions in the SSL dilution factor model (see Section
2.5.5), and the conservatism inherent in the soil partition methodology (see Section 2.5.4), EPA
believes (1) that these results support the use of a DAF of 10 for a 30-acre source, and (2) that this
DAF will protect human health from exposure through this pathway at most Superfund sites across
the Nation
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Table 6.  Recharge Estimates for DNAPL Site Hydrogeologic Regions

Recharge (m/yr)     Recharge (m/yr)
Hydrogeologic setting Min. Max. Avg. Hydrogeologic setting Min. Max. Avg.
Nonglaciated Central (Region 6) Piedmont/Blue Ridge (Region 8)

Alluvial Mountain Valleys 0.10 0.18 0.14 Alluvial Mountain Valleys 0.18 0.25 0.22 
Alter. SS/LS/Sh., Thin Soil 0.10 0.18 0.14 Regolith 0.10 0.18 0.14 
Alter. SS/LS/Sh., Deep Regolith 0.10 0.18 0.14 River Alluvium 0.18 0.25 0.22 
Solution Limestone* 0.25 0.38 0.32 Mountain Crests 0.00 0.05 0.03 
Alluvium w/ Overbank Deposits 0.18 0.25 0.22 Swamp/Marsh 0.10 0.18 0.14 
Alluvium w/o Overbank Deposits 0.18 0.25 0.22 Overall Average: 0.15 
Braided River Deposits 0.10 0.18 0.14 
Triassic Basins 0.10 0.18 0.14 Northeast & Superior Uplands (Region 9)
Swamp/Marsh 0.10 0.18 0.14 Alluvial Mountain Valleys 0.18 0.25 0.22 
Met./Ig. Domes & Fault Blocks 0.00 0.05 0.03 Till Over Crystalline Bedrock 0.18 0.25 0.22 
Unconsol./Semiconsol. Aquifers 0.00 0.05 0.03 Glacial Till Over Outwash 0.18 0.25 0.22 

Overall Average: 0.15 Outwash* 0.25 0.38 0.32 
Moraine 0.18 0.25 0.22 
Alluvium w/ Overbank Deposits 0.18 0.25 0.22 

Glaciated Central (Region 7) Alluvium w/o Overbank Deposits* 0.25 0.38 0.32 
Glacial Till Over Bedded Rock 0.10 0.18 0.14 Swamp/Marsh 0.10 0.18 0.14 
Glacial Till Over Outwash 0.10 0.18 0.14 Bedrock Uplands 0.10 0.18 0.14 
Glacial Till Over Sol. Limestone 0.10 0.18 0.14 Glacial Lake/Marine Deposits 0.10 0.18 0.14 
Glacial Till Over Sandstone 0.10 0.18 0.14 Beaches, B. Ridges, Dunes* 0.25 0.38 0.32 
Glacial Till Over Shale 0.10 0.18 0.14 Overall Average: 0.22 
Outwash 0.18 0.25 0.22 
Outwash Over Bedded Rock* 0.25 0.38 0.32 
Outwash Over Solution Limestone* 0.25 0.38 0.32 Atlantic/Gulf Coastal Plain (Region 10)
Moraine 0.18 0.25 0.22 Regional Aquifers 0.00 0.05 0.03 
Buried Valley 0.18 0.25 0.22 Un./Semiconsol. Surficial Aquifer* 0.25 0.38 0.32 
Alluvium w/ Overbank Deposits 0.10 0.18 0.14 Alluvium w/ Overbank Deposits 0.18 0.25 0.22 
Alluvium w/o Overbank Deposits* 0.25 0.38 0.32 Alluvium w/o Overbank Deposits* 0.25 0.38 0.32 
Glacial Lake Deposits 0.10 0.18 0.14 Swamp* 0.25 0.38 0.32 
Thin Till Over Bedded Rock 0.18 0.25 0.22 Overall Average: 0.24 
Beaches, B. Ridges, Dunes* 0.25 0.38 0.32 
Swamp/Marsh 0.10 0.18 0.14 

Overall Average: 0.20 
Source: Aller et al. (1987); hydrogeologic regions from Heath (1984).
* 0.25 m to 0.38 m (9.8 in to 15 in) used as recharge range for 25+ m setting values from Aller et al. (1987).
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Table 7. SSL Dilution Factor Model Results: DNAPL and HGDB Sites

Source area (acres)

0 . 5 1 0 3 0 1 0 0 6 0 0

DNAPL Sites (92)
Geomean 34 15 10 6 4
Average 321 138 80 44 19
10th percentile 3 2 1 1 1
25th percentile 8 4 3 2 1

Median 30 13 8 5 3
75th percentile 140 60 35 20 9
90th percentile 336 144 84 46 20

HGDB sites (208)
Geomean 16 10 7 5 3
Average 958 829 561 371 159

10th percentile 2 1 1 1 1
25th percentile 3 2 1 1 1
Median 10 6 5 3 2
75th percentile 56 30 19 12 5
90th percentile 240 134 90 51 21

All 300 sites

Geomean 20 11 8 6 3
Average 763 617 414 271 116
10th percentile 2 1 1 1 1
25th percentile 4 2 2 1 1
Median 15 8 5 4 2
75th percentile 70 35 23 13 6
90th percentile 292 144 88 49 21

DNAPL = DNAPL Site Survey (EPA/OERR).
HGDB  = Hydrogeologic database (API).

To adjust the 30-acre DAF for a 0.5-acre source, EPA considered the geomean 0.5-acre dilution
factors for the DNAPL sites (34), HGDB sites (16), and all 300 sites (20). A default DAF of 20 was
selected as a conservative value for a 0.5-acre source size.

This value also reflects the ratio between 0.5-acre and 30-acre geomean and median dilution factors
calculated for the HGDB sites (2.2 and 2.0, respectively). The HGDB data reflect the influence of
source size on actual dilution factors more accurately than the DNAPL site data because the HGDB
includes site-specific estimates of aquifer thickness. As shown in the following section, aquifer
thickness has a strong influence on the effect of source size on the dilution factor since it provides an
upper limit on mixing zone depth. Increasing source area increases infiltration, which lowers the
dilution factor, but also increases mixing zone depth, which increases the dilution factor. For an
infinitely thick aquifer, these effects tend to cancel each other, resulting in similar dilution factors
for 0.5 and 30 acres. Thin aquifers limit mixing depth for larger sources; thus the added infiltration
predominates and lowers the dilution factors for the larger source. Since the DNAPL dilution factor

53



analyses use a fixed aquifer depth, they tend to overestimate the reduction in dilution factors that
result from a smaller source.

2.5.7 Sensitivity Analysis. A sensitivity analysis was conducted to examine the effects of
site-specific parameters on migration to ground water SSLs. Both the partition equation and the
dilution factor model were considered in this analysis. Because an adequate database of national
distributions of these parameters was not available, a nominal range method was used to conduct the
analysis. In this analysis, independent parameters were selected and each was taken to maximum and
minimum values while keeping all other parameters at their nominal, or default, values. 

Overall, SSLs are most sensitive to changes in the dilution factor. As shown in Table 7, the 10th to
90th percentile dilution factors vary from 2 to 292 for the 300 DNAPL and HGDB sites. Much of
this variability can be attributed to the wide range of aquifer hydraulic conductivity across the Nation.
In contrast, the most sensitive parameter in the partition equation (f oc) only affects the SSL by a
factor of 1.5.

Partition Equation.  The partition equation requires the following site-specific inputs: fraction
organic carbon, average annual soil moisture content, and soil bulk density. Although volumetric soil
moisture content is somewhat dependent on bulk density (in terms of the porosity available to be
filled with water), calculations were conducted to ensure that the parameter ranges selected do not
result in impossible combinations of these parameters. Because the effects of the soil parameters on
the SSLs are highly dependent on chemical properties, the analysis was conducted on four organic
chemicals spanning the range of these properties: chloroform, trichloroethylene, naphthalene, and
benzo(a)pyrene.

The range used for soil moisture conditions was 0.02 to 0.43 L water/L soil. The lower end of this
range represents a likely residual moisture content value for sand, as might be found in the drier
regions of the United States. The higher value (0.43) represents full saturation conditions for a loam
soil. The range of bulk density (1.25 to 1.75) was obtained from the Patriot soils database, which
contains bulk density measurements for over 20,000 soil series across the United States.

Establishing a range for subsurface organic carbon content (foc) was more difficult. In spite of an
extensive literature review and contacts with soil scientists, very little information was found on the
distribution of this parameter with depth in U.S. soils. The range used was 0.001 to 0.003 g carbon / g
soil. The lower limit represents the critical organic carbon content below which the partition
equation is no longer applicable. The upper limit was obtained from EPA's Environmental Research
Laboratory in Ada, Oklahoma, as an expert opinion. Generally, soil organic carbon content falls off
rapidly with depth. Since the typical value used as an SSL default for surface soils is 0.006, and 0.002
is used for subsurface soils, this limited range is consistent with the other default assumptions used in
the Soil Screening Guidance.

The results of the partition equation sensitivity analysis are shown in Table 8.

For volatile chemicals, the model is somewhat sensitive to water content, with up to 54 and 19
percent change in SSLs for chloroform and trichloroethylene, respectively. The model is less
sensitive to bulk density, with a high percent change of 18 for chloroform and 14 for
trichloroethylene. Organic carbon content has the greatest effect on SSLs for all chemicals except
chloroform. As expected, the effect of foc increases with increasing Koc. The greatest effect was seen
for benzo(a)pyrene whose SSL showed a 50 percent increase at an foc of 0.03. An foc of 0.005 will
increase the benzo(a)pyrene SSL by 150 percent.
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APPENDIX J

JOHNSON AND ETTINGER MODELING CALCULATIONS



On-Site Warehouse Scenario



 1

 
 
 
Kleinfelder Project Number 101942 
 
 
 
Subject:  Soil Gas Screening Levels for Remediation Goals for 
  Future Commercial Building Construction 

TSFT-Former Excello Property 
4057 and 4059 Goodwin Avenue 
Los Angeles, California 

 
Kleinfelder was retained to calculate site-specific soil vapor screening levels for 
volatile organic compounds (VOCs) detected in soil gas samples collected from The 
Spirito Family Trust – Former Excello site (TSFT site) located at 4057 and 4059 
Goodwin Avenue in Los Angeles, California.  Redevelopment of the site is being 
contemplated that may include a parking apron for trucks, a dry goods warehouse, 
or a perishable goods warehouse.   
 
This report presents site-specific soil vapor screening levels that were calculated 
using the advanced version of the U.S. Environmental Protection Agency’s (US 
EPA’s) Johnson & Ettinger model for soil vapor.  The purpose of the screening 
levels is to support decisions about appropriate remediation or mitigation measures 
during site redevelopment. 
 
Johnson and Ettinger Modeling 
The Johnson and Ettinger model is a one-dimensional analytical solution to 
advective and diffusive vapor transport into indoor spaces and provides an 
estimated attenuation coefficient that relates the vapor concentration in indoor air to 
the vapor concentration at the source of contamination. At the TSFT site, the 
primary sources of contamination include 1,1,1-TCA, TCE, and PCE.  Site-specific 
inputs to the model included estimated soil temperature, the type of soil separating 
the soil vapor from the bottom of the building slab, the depths at which soil vapors 
may be encountered, and the dimensions of four hypothetical buildings consistent 
with redevelopment proposals (Tables 1 and 2). 
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Potential soil vapor sources were evaluated at three depths: 5, 15, and 40 feet 
below ground surface.  The shallow depth (five feet) was selected to assess vapor 
sources closest to the proposed building foundations and the maximum depth (40 
feet) was selected to address vapor sources just above the water table.  The 
intermediate depth (15 feet) was selected to provide additional information for 
remedial design.  The four building scenarios were: Small Office, Large Office, 
Warehouse with 45 foot Ceiling, and Warehouse with 80 foot Ceiling.  Therefore, 
screening levels were calculated for twelve scenarios.  All inputs to the models are 
provided in the model spreadsheets found in Attachment A.  The Johnson and 
Ettinger model version used in this evaluation was SG-ADV (version 3.1; 02/04).  
Toxicity values for the model are those provided by the DTSC in its screening level 
Johnson and Ettinger SG model (DTSC, 2009).  The soil temperature was 
estimated from guidance provided in the US EPA User’s Guide for Evaluating 
Subsurface Vapor Intrusion into Buildings (EQM 2004).  The model spreadsheets 
were modified to accommodate more than one chemical.  The modification did not 
affect spreadsheet function. 
 
As coded into an Excel spreadsheet, the version of the Johnson and Ettinger model 
used does not generate soil vapor concentrations based on a given level of cancer 
risk or noncancer hazard.  Instead, the model generates estimates of cancer risk 
and noncancer hazard from estimated or measured soil vapor concentrations of 
chemicals.  Therefore, site-specific screening values were generated by entering a 
nominal value for each chemical of concern (1 µg/m3), then the resulting risk values 
were converted into concentrations that yield a cancer risk of 1 x 10-6 or a 
noncancer hazard of 1 (one).  The equations used to calculate soil vapor screening 
levels using the Johnson and Ettinger model are presented below. 
 
Screening Level (µg/m3) =  
For cancer risk;  
1 x 10-6 / cancer risk from constituent concentration of 1 µg/m3 
 
For noncancer hazard; 
1 / noncancer hazard from constituent concentration of 1 µg/m3 
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The lesser of the soil vapor screening levels based on cancer risk and noncancer 
hazard screening levels was identified as the final screening level for each 
constituent in each scenario (Table 3). 
 
Prior to identification of the lesser of the cancer risk and noncancer hazard 
screening levels, the potential contribution of each constituent to add to the 
cumulative cancer risk or noncancer hazard was addressed.  Two of the three 
constituents are classified as carcinogens, TCE and PCE.  Therefore, their 
screening levels were divided by two to account for potential additive cancer risks.  
Each of the three chemicals of concern may produce noncancerous health effects.  
However, the soil vapor screening level of two of those constituents, TCE and PCE, 
based upon cancer risks, were two orders of magnitude less than their screening 
levels for noncancer hazards.  Remediation of the site to limit the cumulative cancer 
risk of TCE and PCE to 1 x 10-6 would also reduce their contribution to cumulative 
noncancer hazard to approximately 0.01.  Therefore, there was no need to address 
the potential additivity for noncancer hazard. 
 
Attachments 
 References 
 Tables 1 – 3 
 Attachment A – Johnson and Ettinger Model Spreadsheets 
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Table 1 
Summary of Johnson and Ettinger Model Parameters 

Parameters Common to Each Scenario  
TSFT Site 

 
Parameter Value Units Comment 

Groundwater 
temperature 19.4 °C From EQM 2003 

Stratum A - Soil type 
immediately beneath 
the building 

S NA Sand, predominant soil type, from soil 
geophysical sample KLF-2 (22-23). 

Depth below grade to 
bottom of enclosed 
space floor 

15 cm Default value for slab-on-grade 
construction. 

Enclosed space slab 
thickness 18 cm 7 inch slab minimum in preliminary 

designs of warehouse. 

Indoor air exchange 
rate 1 per hour Commercial building default, DTSC 2004 

Target risk for 
carcinogens 1x10-6 NA Considered the de minimis standard by 

U.S. EPA. 

Target hazard index 
for noncarcinogens 1 NA Considered the de minimis standard by 

the US EPA. 

Averaging time for 
carcinogens 70 years US EPA default value for commercial & 

industrial workers 

Averaging time for 
noncarcinogens 25 years US EPA default value for commercial & 

industrial workers 

Exposure duration 25 years US EPA default value for commercial & 
industrial workers 

Exposure frequency 250 days/year US EPA default value for commercial & 
industrial workers 

Notes: 
NA = Not Applicable 
°C = degrees Celsius 
cm = centimeters 
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Table 2 
Summary of Johnson and Ettinger Model Parameters 

Parameters Specific to Each Scenario  
TSFT Site 

 

Soil Gas 
Depth 

Building 
Scenario 

Stratum A 
thickness 

(cm) 

Depth to 
soil gas 

(cm) 

Enclosed 
space 
length 
(cm) 

Enclosed 
space 
width 
(cm) 

Enclosed 
space 
height 
(cm) 

5 ft bgs Small Office 152 152 610 305 244 

5 ft bgs Large Office 152 152 762 610 305 

5 ft bgs Warehouse 
45 ft peak 152 152 7315 7315 1372 

5 ft bgs Warehouse 
80 ft peak 152 152 7315 7315 2438 

15 ft bgs Small Office 457 457 610 305 244 

15 ft bgs Large Office 457 457 762 610 305 

15 ft bgs Warehouse 
45 ft peak 457 457 7315 7315 1372 

15 ft bgs Warehouse 
80 ft peak 457 457 7315 7315 2438 

40 ft bgs Small Office 1219 1219 610 305 244 

40 ft bgs Large Office 1219 1219 762 610 305 

40 ft bgs Warehouse 
45 ft peak 1219 1219 7315 7315 1372 

40 ft bgs Warehouse 
80 ft peak 1219 1219 7315 7315 2438 

Notes: 
ft bgs = feet below ground surface 
cm = centimeters 
Small Office = 20 feet floor length x 10 feet floor width x 8 feet ceiling height 
Large Office = 25 feet floor length x 20 feet floor width x 10 feet ceiling height 
Warehouse 45 ft peak = 240 feet floor length x 240 feet floor width x 45 feet ceiling height 
Warehouse 80 ft peak = 240 feet floor length x 240 feet floor width x 80 feet ceiling height 
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Table 3 

Summary of Site-Specific Screening Levels  
TSFT Site 

 
Site Specific Screening Levels (µg/m3) 

Soil Gas Depth Building Scenario 1,1,1-TCA TCE PCE 

5 ft bgs Small Office 7,400,000 1,000 370 

5 ft bgs Large Office 11,000,000 1,500 550 

5 ft bgs Warehouse 45 ft ceiling 230,000,000 33,000 11,000 

5 ft bgs Warehouse 80 ft ceiling 420,000,000 58,000 20,000 

15 ft bgs Small Office 19,000,000 2,700 990 

15 ft bgs Large Office 26,000,000 3,600 1,300 

15 ft bgs Warehouse 45 ft ceiling 300,000,000 42,000 15,000 

15 ft bgs Warehouse 80 ft ceiling 540,000,000 75,000 26,000 

40 ft bgs Small Office 49,000,000 6,800 2,500 

40 ft bgs Large Office 63,000,000 8,800 3,200 

40 ft bgs Warehouse 45 ft ceiling 470,000,000 65,000 23,000 

40 ft bgs Warehouse 80 ft ceiling 840,000,000 120,000 42,000 
Notes: 
µg/m3 = micrograms per cubic meter 
ft bgs = feet below ground surface 
1,1,1-TCA = 1,1,1-Trichloroethane 
TCE = Trichloroethylene 
PCE = Tetrachloroethylene 
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ATTACHMENT A 
JOHNSON AND ETTINGER MODEL SPREADSHEETS 

 



DATA ENTRY SHEET Small Office
Soil Vapor at 40 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 1219 1219 0 0

79016 1 1219 1219 0 0
127184 1 1219 1219 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 610 305 244 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults

1 of 4



Small Office
Soil Vapor at 40 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02

2 of 4



Small Office
Soil Vapor at 40 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04
79016 Trichloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04

127184 Tetrachloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 1.86E+05 9.84E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 1204
79016 Trichloroethylene 1.86E+05 9.84E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 1204

127184 Tetrachloroethylene 1.86E+05 9.84E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 1204

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 4.55E+01 1.26E-02 1.83E+02 1.84E+154 1.48E-04 1.48E-04 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 4.55E+01 1.28E-02 1.83E+02 2.05E+152 1.50E-04 1.50E-04 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 4.55E+01 1.16E-02 1.83E+02 1.32E+167 1.37E-04 1.37E-04 5.9E-06 3.5E-02

END
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Small Office
Soil Vapor at 40 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 2.0E-08
79016 Trichloroethylene 7.3E-11 1.7E-07

127184 Tetrachloroethylene 2.0E-10 2.7E-06

SCROLL
DOWN

TO "END"

TSFT_40ft_small_office_JnE_Spreadsheets.xls 4 of 4



DATA ENTRY SHEET 45 ft Peak Warehouse
Soil Vapor at 40 ft bgs

TSFT Site  

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 1219 1219 0 0

79016 1 1219 1219 0 0
127184 1 1219 1219 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 7315 7315 1372 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults
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45 ft Peak Warehouse
Soil Vapor at 40 ft bgs
TSFT Site  

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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45 ft Peak Warehouse
Soil Vapor at 40 ft bgs
TSFT Site  

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07
79016 Trichloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07

127184 Tetrachloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 5.35E+07 5.47E-05 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 1204
79016 Trichloroethylene 5.35E+07 5.47E-05 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 1204

127184 Tetrachloroethylene 5.35E+07 5.47E-05 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 1204

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 7.28E+02 1.26E-02 2.93E+03 1.84E+154 1.55E-05 1.55E-05 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 7.28E+02 1.28E-02 2.93E+03 2.05E+152 1.56E-05 1.56E-05 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 7.28E+02 1.16E-02 2.93E+03 1.32E+167 1.48E-05 1.48E-05 5.9E-06 3.5E-02

END
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45 ft Peak Warehouse
Soil Vapor at 40 ft bgs
TSFT Site  

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 2.1E-09
79016 Trichloroethylene 7.7E-12 1.8E-08

127184 Tetrachloroethylene 2.1E-11 2.9E-07

SCROLL
DOWN

TO "END"

END

TSFT_40ft_Short_Warehouse_JnE_Spreadsheets.xls 4 of 4



DATA ENTRY SHEET Large Office
Soil Vapor at 40 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 1219 1219 0 0

79016 1 1219 1219 0 0
127184 1 1219 1219 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 762 610 305 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults
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Large Office
Soil Vapor at 40 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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Large Office
Soil Vapor at 40 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04
79016 Trichloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04

127184 Tetrachloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 4.65E+05 5.90E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 1204
79016 Trichloroethylene 4.65E+05 5.90E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 1204

127184 Tetrachloroethylene 4.65E+05 5.90E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 1204

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 6.83E+01 1.26E-02 2.74E+02 1.84E+154 1.15E-04 1.15E-04 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 6.83E+01 1.28E-02 2.74E+02 2.05E+152 1.17E-04 1.17E-04 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 6.83E+01 1.16E-02 2.74E+02 1.32E+167 1.07E-04 1.07E-04 5.9E-06 3.5E-02

END
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Large Office
Soil Vapor at 40 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 1.6E-08
79016 Trichloroethylene 5.7E-11 1.3E-07

127184 Tetrachloroethylene 1.5E-10 2.1E-06

SCROLL
DOWN

TO "END"

END

TSFT_40ft_large_office_JnE_Spreadsheets.xls 4 of 4



DATA ENTRY SHEET 80 ft Peak Warehouse
Soil Vapor at 15 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 457 457 0 0

79016 1 457 457 0 0
127184 1 457 457 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 7315 7315 2438 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults
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80 ft Peak Warehouse
Soil Vapor at 15 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02

2 of 4



80 ft Peak Warehouse
Soil Vapor at 15 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07
79016 Trichloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07

127184 Tetrachloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 5.35E+07 5.47E-05 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 442
79016 Trichloroethylene 5.35E+07 5.47E-05 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 442

127184 Tetrachloroethylene 5.35E+07 5.47E-05 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 442

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 7.28E+02 1.26E-02 2.93E+03 1.84E+154 1.36E-05 1.36E-05 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 7.28E+02 1.28E-02 2.93E+03 2.05E+152 1.37E-05 1.37E-05 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 7.28E+02 1.16E-02 2.93E+03 1.32E+167 1.32E-05 1.32E-05 5.9E-06 3.5E-02

END

3 of 4



80 ft Peak Warehouse
Soil Vapor at 15 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 1.9E-09
79016 Trichloroethylene 6.7E-12 1.6E-08

127184 Tetrachloroethylene 1.9E-11 2.6E-07

SCROLL
DOWN

TO "END"

END

TSFT_15ft_Tall_Warehouse_JnE_Spreadsheets.xls 4 of 4



DATA ENTRY SHEET Small Office
Soil Vapor at 15 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 457 457 0 0

79016 1 457 457 0 0
127184 1 457 457 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 610 305 244 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Trichloroethylene
Tetrachloroethylene

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane

Reset to 
Defaults
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Small Office
Soil Vapor at 15 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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Small Office
Soil Vapor at 15 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04
79016 Trichloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04

127184 Tetrachloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 1.86E+05 9.84E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 442
79016 Trichloroethylene 1.86E+05 9.84E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 442

127184 Tetrachloroethylene 1.86E+05 9.84E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 442

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 4.55E+01 1.26E-02 1.83E+02 1.84E+154 3.77E-04 3.77E-04 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 4.55E+01 1.28E-02 1.83E+02 2.05E+152 3.81E-04 3.81E-04 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 4.55E+01 1.16E-02 1.83E+02 1.32E+167 3.51E-04 3.51E-04 5.9E-06 3.5E-02

END
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Small Office
Soil Vapor at 15 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 5.2E-08
79016 Trichloroethylene 1.9E-10 4.4E-07

127184 Tetrachloroethylene 5.1E-10 6.9E-06

SCROLL
DOWN

TO "END"

END
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DATA ENTRY SHEET 45 ft Peak Warehouse
Soil Vapor at 15 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 457 457 0 0

79016 1 457 457 0 0
127184 1 457 457 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 7315 7315 1372 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Trichloroethylene
Tetrachloroethylene

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane

Reset to 
Defaults
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45 ft Peak Warehouse
Soil Vapor at 15 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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45 ft Peak Warehouse
Soil Vapor at 15 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07
79016 Trichloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07

127184 Tetrachloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 5.35E+07 5.47E-05 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 442
79016 Trichloroethylene 5.35E+07 5.47E-05 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 442

127184 Tetrachloroethylene 5.35E+07 5.47E-05 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 442

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 7.28E+02 1.26E-02 2.93E+03 1.84E+154 2.42E-05 2.42E-05 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 7.28E+02 1.28E-02 2.93E+03 2.05E+152 2.43E-05 2.43E-05 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 7.28E+02 1.16E-02 2.93E+03 1.32E+167 2.35E-05 2.35E-05 5.9E-06 3.5E-02

END
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45 ft Peak Warehouse
Soil Vapor at 15 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 3.3E-09
79016 Trichloroethylene 1.2E-11 2.8E-08

127184 Tetrachloroethylene 3.4E-11 4.6E-07

SCROLL
DOWN

TO "END"

END
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DATA ENTRY SHEET Large Office
Soil Vapor at 15 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 457 457 0 0

79016 1 457 457 0 0
127184 1 457 457 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 762 610 305 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults
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Large Office
Soil Vapor at 15 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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Large Office
Soil Vapor at 15 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04
79016 Trichloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04

127184 Tetrachloroethylene 7.88E+08 442 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 4.65E+05 5.90E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 442
79016 Trichloroethylene 4.65E+05 5.90E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 442

127184 Tetrachloroethylene 4.65E+05 5.90E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 442

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 6.83E+01 1.26E-02 2.74E+02 1.84E+154 2.82E-04 2.82E-04 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 6.83E+01 1.28E-02 2.74E+02 2.05E+152 2.85E-04 2.85E-04 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 6.83E+01 1.16E-02 2.74E+02 1.32E+167 2.64E-04 2.64E-04 5.9E-06 3.5E-02

END
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Large Office
Soil Vapor at 15 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 3.9E-08
79016 Trichloroethylene 1.4E-10 3.3E-07

127184 Tetrachloroethylene 3.8E-10 5.2E-06

SCROLL
DOWN

TO "END"

END
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DATA ENTRY SHEET 80 ft Peak Warehouse
Soil Vapor at 5 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 152 152 0 0

79016 1 152 152 0 0
127184 1 152 152 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 7315 7315 2438 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults
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80 ft Peak Warehouse
Soil Vapor at 5 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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80 ft Peak Warehouse
Soil Vapor at 5 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07
79016 Trichloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07

127184 Tetrachloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 5.35E+07 5.47E-05 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 137
79016 Trichloroethylene 5.35E+07 5.47E-05 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 137

127184 Tetrachloroethylene 5.35E+07 5.47E-05 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 137

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 7.28E+02 1.26E-02 2.93E+03 1.84E+154 1.75E-05 1.75E-05 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 7.28E+02 1.28E-02 2.93E+03 2.05E+152 1.75E-05 1.75E-05 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 7.28E+02 1.16E-02 2.93E+03 1.32E+167 1.73E-05 1.73E-05 5.9E-06 3.5E-02

END

3 of 4



80 ft Peak Warehouse
Soil Vapor at 5 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 2.4E-09
79016 Trichloroethylene 8.6E-12 2.0E-08

127184 Tetrachloroethylene 2.5E-11 3.4E-07

SCROLL
DOWN

TO "END"

END

TSFT_5ft_Tall_Warehouse_JnE_Spreadsheets.xls 4 of 4



DATA ENTRY SHEET Small Office
Soil Vapor at 5 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 152 152 0 0

79016 1 152 152 0 0
127184 1 152 152 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 610 305 244 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults

1 of 4



Small Office
Soil Vapor at 5 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02

2 of 4



Small Office
Soil Vapor at 5 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04
79016 Trichloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04

127184 Tetrachloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 1,830 1.00E+00 1.26E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 1.86E+05 9.84E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 137
79016 Trichloroethylene 1.86E+05 9.84E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 137

127184 Tetrachloroethylene 1.86E+05 9.84E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 137

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 4.55E+01 1.26E-02 1.83E+02 1.84E+154 9.87E-04 9.87E-04 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 4.55E+01 1.28E-02 1.83E+02 2.05E+152 9.96E-04 9.96E-04 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 4.55E+01 1.16E-02 1.83E+02 1.32E+167 9.31E-04 9.31E-04 5.9E-06 3.5E-02

END

3 of 4



Small Office
Soil Vapor at 5 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 1.4E-07
79016 Trichloroethylene 4.9E-10 1.1E-06

127184 Tetrachloroethylene 1.3E-09 1.8E-05

SCROLL
DOWN

TO "END"

END
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DATA ENTRY SHEET 45 ft Peak Warehouse
Soil Vapor at 5 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 152 152 0 0

79016 1 152 152 0 0
127184 1 152 152 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 7315 7315 1372 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane
Trichloroethylene
Tetrachloroethylene

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Reset to 
Defaults
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45 ft Peak Warehouse
Soil Vapor at 5 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02

2 of 4



45 ft Peak Warehouse
Soil Vapor at 5 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07
79016 Trichloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07

127184 Tetrachloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 2.04E+07

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 5.35E+07 5.47E-05 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 137
79016 Trichloroethylene 5.35E+07 5.47E-05 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 137

127184 Tetrachloroethylene 5.35E+07 5.47E-05 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 137

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 7.28E+02 1.26E-02 2.93E+03 1.84E+154 3.11E-05 3.11E-05 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 7.28E+02 1.28E-02 2.93E+03 2.05E+152 3.12E-05 3.12E-05 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 7.28E+02 1.16E-02 2.93E+03 1.32E+167 3.08E-05 3.08E-05 5.9E-06 3.5E-02

END

3 of 4



45 ft Peak Warehouse
Soil Vapor at 5 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 4.3E-09
79016 Trichloroethylene 1.5E-11 3.6E-08

127184 Tetrachloroethylene 4.4E-11 6.0E-07

SCROLL
DOWN

TO "END"

END
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DATA ENTRY SHEET Large Office
Soil Vapor at 5 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 152 152 0 0

79016 1 152 152 0 0
127184 1 152 152 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 762 610 305 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Trichloroethylene
Tetrachloroethylene

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane

Reset to 
Defaults

1 of 4



Large Office
Soil Vapor at 5 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02

2 of 4



Large Office
Soil Vapor at 5 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04
79016 Trichloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04

127184 Tetrachloroethylene 7.88E+08 137 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 2,744 1.00E+00 3.94E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 4.65E+05 5.90E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 137
79016 Trichloroethylene 4.65E+05 5.90E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 137

127184 Tetrachloroethylene 4.65E+05 5.90E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 137

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 6.83E+01 1.26E-02 2.74E+02 1.84E+154 6.68E-04 6.68E-04 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 6.83E+01 1.28E-02 2.74E+02 2.05E+152 6.73E-04 6.73E-04 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 6.83E+01 1.16E-02 2.74E+02 1.32E+167 6.35E-04 6.35E-04 5.9E-06 3.5E-02

END
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Large Office
Soil Vapor at 5 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 9.1E-08
79016 Trichloroethylene 3.3E-10 7.7E-07

127184 Tetrachloroethylene 9.2E-10 1.2E-05

SCROLL
DOWN

TO "END"

END
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DATA ENTRY SHEET 80 ft Peak Warehouse
Soil Vapor at 40 ft bgs

TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical

71556 1 1219 1219 0 0

79016 1 1219 1219 0 0
127184 1 1219 1219 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 S

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

18 40 7315 7315 2438 0.1 1

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

END

AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64" AUTO UPDATED BASED ON CELL "M64"

Trichloroethylene
Tetrachloroethylene

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

1,1,1-Trichloroethane

Reset to 
Defaults
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80 ft Peak Warehouse
Soil Vapor at 40 ft bgs
TSFT Site

CHEMICAL PROPERTIES SHEET
Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit
Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference

in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,
Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
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80 ft Peak Warehouse
Soil Vapor at 40 ft bgs
TSFT Site

INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

71556 1,1,1-Trichloroethane 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07
79016 Trichloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07

127184 Tetrachloroethylene 7.88E+08 1204 0.321 0.321 0.321 0.003 1.01E-07 0.998 1.01E-07 29,260 1.00E+00 3.62E+07

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

71556 1,1,1-Trichloroethane 5.35E+07 5.47E-05 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.26E-02 0.00E+00 0.00E+00 1.26E-02 1204
79016 Trichloroethylene 5.35E+07 5.47E-05 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 1204

127184 Tetrachloroethylene 5.35E+07 5.47E-05 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.16E-02 0.00E+00 0.00E+00 1.16E-02 1204

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

71556 1,1,1-Trichloroethane 15 1.00E+00 0.10 7.28E+02 1.26E-02 2.93E+03 1.84E+154 8.74E-06 8.74E-06 NA 5.0E+00
79016 Trichloroethylene 15 1.00E+00 0.10 7.28E+02 1.28E-02 2.93E+03 2.05E+152 8.80E-06 8.80E-06 2.0E-06 6.0E-01

127184 Tetrachloroethylene 15 1.00E+00 0.10 7.28E+02 1.16E-02 2.93E+03 1.32E+167 8.35E-06 8.35E-06 5.9E-06 3.5E-02

END
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80 ft Peak Warehouse
Soil Vapor at 40 ft bgs
TSFT Site

RESULTS SHEET

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

71556 1,1,1-Trichloroethane NA 1.2E-09
79016 Trichloroethylene 4.3E-12 1.0E-08

127184 Tetrachloroethylene 1.2E-11 1.6E-07

SCROLL
DOWN

TO "END"

END
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Off-Site Resident Scenario
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Kleinfelder Project Number 101942 
 
 
 
Subject:  Vapor Intrusion Evaluation for Adjacent Residential Property 

TSFT-Former Excello Property 
4057 and 4059 Goodwin Avenue 
Los Angeles, California 

 
The Spirito Family Trust retained Kleinfelder to evaluate the adverse human health 
effects to adjacent residential properties that may result from the off-site migration 
and residential building intrusion of sub-surface soil vapors from the former Excello 
site.  The Spirito Family Trust – Former Excello site (TSFT site) is located at 4057 
and 4059 Goodwin Avenue in Los Angeles, California (Plate 1).  Redevelopment of 
the TSFT site is being contemplated that may include a parking apron for trucks, a 
dry goods warehouse, or a perishable goods warehouse.   
 
In October 2008 (Kleinfelder, 2008), volatile organic compounds (VOCs) in soil 
vapor at the TSFT site were reported at concentrations that exceeded California 
Human Health Screening Levels (CHHSLs) for soil vapor in a commercial or 
industrial exposure scenario (OEHHA, 2005).  The California Department of Toxic 
Substances Control (DTSC) guidance for the evaluation of vapor intrusion (DTSC, 
2004) states vapor intrusion is not expected at buildings greater than 100 feet from 
a source of soil vapors.  Because soil vapor concentrations exceed CHHSLs 
beneath the contemplated on-site building, remediation or mitigation is being 
contemplated for soil vapors that exceed commercial/industrial vapor intrusion 
screening levels in order to protect on-site commercial or industrial workers.  
Residential buildings are located within approximately 65 feet of the southern 
boundary of the TSFT site and within 100 feet of VOCs detected in soil vapor at 
sample locations K-1 through K-5, K-8, and K-9 (Plate 2).  Therefore, because a 
residential structure is within 100 feet of the subject site, the evaluation of vapor 
intrusion in off-site residential buildings adjacent to the TSFT site is consistent with 
DTSC policy. 
 
This report presents an evaluation of cancer risk and non-cancer hazard to 
residents under the assumption that a residential structure is present on the TSFT 
site.  The evaluation was conducted using the advanced version of the U.S. 
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Environmental Protection Agency’s (US EPA’s) Johnson & Ettinger model for soil 
vapor.  The purpose of the evaluation was to support decisions about appropriate 
soil vapor remediation or mitigation measures during contemplated site 
redevelopment.  Therefore, two off-site residential vapor intrusion exposure 
scenarios were evaluated: “Current conditions” using soil vapor concentrations 
measured in October 2008 (Kleinfelder, 2008); and, “Post-remediation” using soil 
vapor concentrations that do not exceed California Human Health Screening Levels 
(CHHSLs) under commercial/industrial land use. 
 
CHHSLs are chemical-specific concentrations in soil vapor that are not expected to 
result in adverse health effects under a given land use.  CHHSLs are based on 
target levels of cancer risk (i.e., one in one million [10-6]) or noncancer hazard (i.e., 
a hazard quotient of 1).  CHHSLs are considered to be protective of humans 
(including sensitive groups) over a lifetime of exposure because conservative 
assumptions are incorporated into the equations used to calculate the screening 
values. 
 
Johnson and Ettinger Modeling 
The Johnson and Ettinger model is a one-dimensional analytical solution to 
advective and diffusive vapor transport into indoor spaces.  The US EPA’s version 
of the Johnson and Ettinger model spreadsheets can also be used to characterize 
risks using site-specific toxicity factors and exposure parameters.  Site-specific 
inputs to the model included estimated soil temperature, the type of soil separating 
the soil vapor from the bottom of the building slab, the assumed depth at which soil 
vapors may be encountered, VOC concentrations for the post-remediation  
exposure scenario, and toxicity factors applicable to sites in California as provided 
by the DTSC (DTSC, 2009).  The site-specific inputs (excluding toxicity factors) are 
presented in Tables 1 and 2.  The toxicity factors provided by DTSC are presented 
in Attachments A. 
 
For the post-remediation scenario, model input concentrations were the 
commercial/industrial soil vapor CHHSLs or the maximum soil vapor concentration, 
whichever was lowest.  The maximum soil vapor concentrations of TCE (38,000 
µg/m3) and PCE (12,000 µg/m3) exceeded commercial/industrial soil vapor CHHSLs 
(TCE = 1,770 µg/m3 and PCE = 603 µg/m3).  Therefore the post-remediation 
scenario concentrations of TCE and PCE were assumed to be equal to the soil 
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vapor CHHSLs.  The maximum soil vapor concentration 1,1,1-TCA was less than 
the CHHSL for that compound, therefore, the maximum concentration was used as 
the model input concentration under the current and post-remediation scenarios.  A 
CHHSL is not available for 1,1-DCE or chloroform so the maximum concentration 
was also used for the current and post-remediation scenarios. 
 
The Johnson and Ettinger model inputs for the off-site residential building included 
default values for the residential building dimensions and air exchange rate.  The 
Johnson and Ettinger model evaluates migration of vapors in the vertical dimension, 
not in the horizontal dimension.  Therefore, for the purpose of this vapor intrusion 
evaluation, the off-site residential building was conservatively assumed to be 
directly over vapor sources at the TSFT site.  The off-site residential building was 
assumed to be constructed slab-on-grade (i.e. not with a basement).  All soil vapor 
concentrations were assumed to occur at five feet bgs regardless of actual depth.  
The Johnson and Ettinger model version used in this evaluation was SG-ADV 
(version 3.1; 02/04).  Toxicity values for the model are those provided by the DTSC 
in its screening level Johnson and Ettinger SG model (DTSC, 2009).  The soil 
temperature was estimated from guidance provided in the US EPA User’s Guide for 
Evaluating Subsurface Vapor Intrusion into Buildings (EQM, 2004).  The model 
spreadsheets were modified to accommodate more than one chemical.  The 
modification did not affect spreadsheet function.  All Johnson and Ettinger model 
inputs and results are provided in the model spreadsheets found in Attachment A .   
 
RISK CHARACTERIZATION  
The purpose of the risk characterization is to quantify the potential health hazard 
associated with VOCs detected at the site under defined exposure conditions.  
Based on the results of the Johnson and Ettinger model for estimated indoor air 
concentrations, the potential health hazards for each exposure scenario are 
estimated in the risk characterization. 
 
Quantifying Cancer Risk 
Estimates of cancer risk were developed based on an incremental lifetime excess 
cancer risk (ILCR).  A cumulative ILCR of 1 x 10-6 (one in one million) indicates that, 
in a population of one million individuals, one case of cancer in addition to the 
background rate of cancer attributable to all causes may occur as a result of 
exposure to the chemicals of concern in this evaluation.  The background rate of 
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cancer in the United States is about one in three, for all causes.  The ILCR is the 
product of an estimated daily intake and a toxicity value, known as an inhalation unit 
risk, which quantifies the carcinogenicity of a given compound.  The estimated daily 
intake is calculated from the results of the Johnson and Ettinger model and 
exposure parameters input to the model spreadsheets.  The toxicity values were 
identified from the DTSC version of the Johnson and Ettinger model (DTSC, 2009).  
 
The ILCR is the upper-bound incremental probability of an individual developing 
cancer during their lifetime as a result of exposure to one or more of the VOCs 
identified for exposure scenario.  Assuming the linearized multistage model for 
carcinogenesis, the ILCR is calculated by the Johnson and Ettinger model 
spreadsheet by multiplying the average daily intake of a COC by the cancer slope 
factor, as indicated below: 
 

ILCR = IUR x CI 
 

where: 
 ILCR = the probability of an individual developing cancer (unitless) 
 CI = estimated daily COC intake in micrograms per cubic meter 
   (µg/ m3); assuming an inhalation rate of 20 m3 per day 
 IUR = inhalation unit risk (µg/m3)-1 
 
Cal/EPA and EPA guidance for the evaluation of cancer risk associated with 
simultaneous exposure to multiple carcinogens assumes that incremental cancer 
risks are additive, even though the physiological interaction between COCs may be 
synergistic, antagonistic, or none at all (EPA, 1989; DTSC, 1992).  The total ILCR is 
estimated as follows: 
 

ILCRT = ∑ILCRi 
 

where: 
 ILCRT = total incremental lifetime cancer risk 
 ILCRi = the cancer risk estimate for the i-th toxicant 
 

Cal/EPA and EPA policy should be considered when interpreting the significance of 
cancer risk estimates.  Cal/EPA policy indicates that the point of departure for risk 
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management decisions is an ILCR of 1 x 10-6; thus cancer risks below that level 
generally do not warrant further investigation or remediation.  In the National 
Contingency Plan (NCP) (40 CFR Part 300) (EPA, 1990), the EPA states that, “... 
for known or suspected carcinogens, acceptable exposure levels are generally 
concentration levels that represent an excess upper-bound lifetime cancer risk to an 
individual of between 1 x 10-4 to 1 x 10-6.”    Current EPA guidance states that, 
where cumulative site risk to an individual based on reasonable maximum exposure 
is less than 1 x 10-4 (one in ten thousand), and non-cancer hazards and ecological 
effects are not a concern, action generally is not warranted (EPA, 1991). 
 
Quantifying Non-cancer Hazard 
The likelihood of off-site residents developing noncancerous health effects due to 
exposures to TSFT site VOCs was evaluated by calculating a hazard quotient (HQ).  
The HQ is the ratio of the estimated daily intake for a given VOC and the noncancer 
reference concentration (RfC) for that VOC.  The RfC is an estimate of a daily 
human intake in milligrams per cubic meter assuming an inhalation rate of 20 m3 
per day that is likely to be without an appreciable noncarcinogenic hazard of 
deleterious effects during a lifetime or a portion of a lifetime (EPA, 1989).  RfCs are 
established by the EPA and Cal/EPA and are designed to be protective of sensitive 
populations, including children, the elderly, and the infirm.  If the estimated 
constituent intake exceeds the RfC, the hazard quotient will exceed 1.  This is an 
indication that the estimated intake may represent a level of concern.  The hazard 
quotient, however, is not a measure of the probability of a health effect occurring.  
Because of the conservatism or uncertainty inherent in the RfC, a hazard quotient 
greater than 1 does not necessarily mean that an adverse effect will occur, only that 
additional evaluation is required by Cal/EPA policy. 
 
Non-cancer effects of VOCs are evaluated by dividing the estimated daily 
constituent intake by the RfC for that constituent.  The resulting value is referred to 
as the “hazard quotient,” as indicated on the following page: 
 

Non-cancer Hazard Quotient = Estimated Daily VOC Intake/RfC 
 
To evaluate potential noncancerous health hazards posed by simultaneous 
exposure to multiple constituents, the hazard quotients for each VOC within a given 
exposure pathway are summed.  The resulting value is referred to as the hazard 
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index (HI) for that pathway.  The summation of hazard quotients to obtain the HI 
assumes additivity of toxic effects and generally is appropriate only for constituents 
with similar toxic endpoints (e.g., liver toxicity) and those that have no antagonistic 
or synergistic effects between or among them. 
 
The HI is expressed as follows: 
 

HI = E1/RfC1 +E2/RfC2 + ... +Ei/RfCi 
 

where: 
 Ei = constituent intake for the i-th toxicant (mg/m3) 
 RfCi = reference dose for the i-th toxicant (mg/m3) 
 
If the cumulative HI is less than 1, adverse non-cancerous health effects are not 
expected.  If the sum is greater than 1, additional evaluation of potential non-
cancerous health hazards may be warranted.  Such additional evaluations may 
include the consideration of specific target organ(s) and mechanism(s) of action for 
VOCs that pose a significant portion of the hazard.  Exposure assumptions and 
exposure concentrations used to estimate adverse health effects should also be 
examined. 
 
Post-Remediation Vapor Intrusion Risk Characterization 
The evaluation of vapor intrusion under the post-remediation scenario assumed that 
concentrations of VOCs measured at sample points K-1 through K-5, K-8, and K-9 
in October 2008, were at their maximum detected concentration or remediated to 
commercial/industrial soil vapor CHHSLs and were present in soil vapor at five feet 
bgs directly under a residential building. 
 
Based upon these assumptions for the post-remediation scenario and the Johnson 
and Ettinger SG model, the off-site residential cancer risk (ILCR) was 4 x 10-6 and 
the non-cancer hazard (HI) was 0.03 (Table 3). 
 
Uncertainties 
The actual non-cancer hazard and cancer risk for the current conditions and post-
remediation scenarios are likely to be less than estimated using the Johnson and 
Ettinger SG model because several simplifying conservative assumptions were 
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made to avoid what is known in statistics as a Type II error (false negative result).  
A false negative result in vapor intrusion evaluation would mean that the actual non-
cancer hazard or cancer risk, or both, exceed an acceptable level when the 
evaluation indicates that non-cancer hazard or cancer risk, or both, are less than an 
acceptable level. 
 
The site-specific simplifying assumptions include: 
 

• Maximum detected concentrations were used to represent the soil vapor 
concentrations.  This assumption will tend to over-estimate the actual 
concentrations of each VOC to which receptors are exposed as it is based 
on a point concentration at the upper end of the range of concentrations 
reported. 

• The measured soil concentrations were assumed to be present directly 
beneath an off-site residential building located approximately 65 feet from 
the TSFT site boundary.  This assumption will tend to over-estimate the 
actual concentrations as it does not account for potential subsurface 
features that may inhibit horizontal soil vapor migration (i.e., utility trenches) 
or the loss of VOCs from shallow soil vapor to ambient air.   

• The post-remediation concentrations at 5 feet bgs were assumed to be the 
maximum concentration detected in 2008 or to be reduced to 
commercial/industrial soil vapor CHHSLs.  This assumption will tend to over-
estimate the actual concentrations as soil vapor remediation technologies 
are not chemical-specific and are likely to result in reduced concentrations of 
all VOCs, not only the VOCs that exceed CHHSLs. 

• The post-remediation exposure scenario assumed soil vapor VOC 
concentrations at 5 feet bgs were reduced to commercial/industrial soil 
vapor CHHSLs.  In the development of the soil vapor CHHSLs, OEHHA 
assumed the depth to sources of VOCs in soil vapor was 19.5 inches below 
ground surface (bgs).  If the post-remediation soil vapor VOC concentrations 
are reduced to CHHLs at depths shallower than 5 feet bgs, the actual cancer 
risks and noncancer hazards may be greater than the values estimated in 
this vapor intrusion evaluation. 

• Soil vapor concentrations were assumed to remain constant the duration of 
exposure (30 years for residential exposure scenarios).  No degradation or 
dilution of VOC concentrations over the duration of exposure was assumed 
in the calculation of cancer risk and noncancer hazard.  This assumption is 
expected to result in an overestimate of the actual cancer risk and 
noncancer hazard. 
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• The Johnson and Ettinger model describing the migration of constituents 
from a source medium (soil vapor) to an exposure point (off-site residential 
building) is based upon conservative assumptions provided by EPA or 
Cal/EPA.  Actual site conditions that affect vapor migration may differ from 
the input model parameters such that actual cancer risk and noncancer 
hazard may be greater or less than the values calculated in this vapor 
intrusion evaluation. 

 
Vapor Intrusion Evaluation Conclusions 
Two off-site resident vapor intrusion exposure scenarios were evaluated: current 
conditions using the maximum soil vapor concentrations measured in October 2008 
at locations within 100 feet of an off-site residential building; and, post-remediation 
conditions that assume maximum soil vapor concentrations within 100 feet of the 
off-site residential building have been reduced to the commercial/industrial soil 
vapor CHHSL value. 
 
Based upon the current conditions scenario, the non-cancer HI of 0.5 is less than 
the level that triggers non-cancer hazard management decisions under Cal/EPA 
policy (1).  The ILCR of 7 x 10-5 is greater than the level that triggers risk 
management decisions under Cal/EPA policy (1 x 10-6) but does not exceed the 
level (1 x 10-4) at which the US EPA considers remedial or mitigation measures to 
be warranted. 
 
Based upon the post-remediation conditions scenario, the non-cancer HI of 0.03 is 
less than the level that triggers risk management decisions under Cal/EPA policy 
(1).  The ILCR of 4 x 10-6 is greater than the level that triggers risk management 
decisions under Cal/EPA policy (1 x 10-6) but does not exceed the level (1 x 10-4) at 
which the US EPA considers remedial or mitigation actions to be warranted. 
 
Attachments 
   References 
   Tables 1 – 3 
 Plates 
   Attachment A - Post Remediation Conditions Johnson and Ettinger Model 

                          Spreadsheets 



 9

 
REFERENCES 

Department of Toxic Substances Control (DTSC), 1992.  Supplemental Guidance 
for Human Health Multimedia Risk Assessments of Hazardous Waste Sites 
and Permitted Facilities.  State of California, Environmental Protection 
Agency, Department of Toxic Substances Control, Sacramento, California.  
July, reprinted September 1993, corrected and reprinted August 1996. 

 
DTSC, 2004.  Interim Final Guidance for the Evaluation and Mitigation of 

Subsurface Vapor Intrusion to Indoor Air.  December 15.  Revised February 
7, 2005. 

 
DTSC, 2009.  Screening-Level Model for Soil Gas Contamination.  February 4. 
 Downloaded on June 19, 2009 from: 
 http://www.dtsc.ca.gov/AssessingRisk/JE_Models.cfm. 
 
EPA, 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health 

Evaluation Manual (Part A). Office of Emergency and Remedial Response, 
U.S. Environmental Protection Agency, Washington DC, EPA/540/1-89/002, 
December. 

 
EPA, 1990. National Oil and Hazardous Substances Pollution Contingency Plan, 

Final Rule. 40 CFR Part 300 
 
EPA, 1991.  Role of the Baseline Risk Assessment in Superfund Remedy Selection 

Decisions.  OSWER Directive 9355.0-30.  Office of Solid Waste and 
Emergency Response, U.S. Environmental Protection Agency. Washington 
DC.  April 22. 

 
EQM, 2004.  User’s Guide for Evaluating Subsurface Vapor Intrusion into Buildings. 

Prepared by Environmental Quality Management, Inc., Durham, North 
Carolina. Prepared for Industrial Economics Incorporated, Cambridge, 
Massachusetts under EPA contract 68-W-01-058. Revised February 2004. 

 



 10

Kleinfelder, 2008.   Supplemental Site Assessment, The Spirito Family Trust Parcel, 
4057 Goodwin Avenue, Los Angeles, California 90039.  November 26. 

 
OEHHA. 2005. Use of California Human Health Screening Levels (CHHSLs) in 

Evaluation of Contaminated Properties.  Office of Environmental Health 
Hazard Assessment, California Environmental Protection Agency, 
Sacramento, California.  January. 



 11

 
Table 1 

Summary of Johnson and Ettinger Model Parameters 
Parameters Common to Each Scenario  

TSFT Site 
 

Parameter Value Units Comment 

Groundwater temperature 19.4 °C From EQM 2003 

Stratum A - Soil type 
immediately beneath the 
building 

LS NA 

Loamy Sand, based upon the 5 foot soil interval in 
boring log B-48, the boring closest to the adjacent 
residential property and assuming the most 
conservative amount of fines. 

Stratum A thickness 152 cm Model input soil vapor concentrations were 
assumed to be present at 5 feet bgs. 

Depth below grade to 
bottom of enclosed space 
floor 

15 cm Default value for slab-on-grade construction, 
DTSC 2004. 

Depth to soil gas depth of 
interest 152 cm Model input soil vapor concentrations were 

assumed to be present at 5 feet bgs. 

Enclosed space slab 
thickness 10 cm Residential building default, EQM 2004 

Enclosed space floor 
length 1000 cm Residential building default, EQM 2004 

Enclosed space floor 
width 1000 cm Residential building default, EQM 2004 

Enclosed space height 244 cm Residential building default, EQM 2004 

Indoor air exchange rate 0.5 per hour Residential building default, EQM 2004 

Average vapor flow rate 
into building 5 L/m Residential building default, EQM 2004 

Averaging time for 
carcinogens 70 years Residential scenario default, EQM 2004 

Averaging time for 
noncarcinogens 30 years Residential scenario default, EQM 2004 

Exposure duration 30 years Residential scenario default, EQM 2004 

Exposure frequency 350 days/year Residential scenario default, EQM 2004 
Notes: 
NA = Not Applicable 
°C = degrees Celsius 
cm = centimeters 
L/m = liters per minute 
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Table 2 
Summary of Johnson and Ettinger Model Parameters 

Vapor Concentrations for Post Remediation  
TSFT Excello Site 

 

Constituent Scenario Input Concentration 
(µg/m3) Basis 

1,1-Dichloroethene Post-Remediation 400 Maximum detected 

1,1,1-Trichloroethene Post-Remediation 4,800 Maximum detected 

Chloroform Post-Remediation 200 Maximum detected 

Tetrachloroethylene Post-Remediation 603 CHHSL 

Trichloroethylene Post-Remediation 1,770 CHHSL 

Notes: 
µg/m3 = micrograms per cubic meter 
Maximum detected = Maximum detected concentration in soil vapor collected at all depths at sample 
locations K-1, K-2, K-3, K-4, K-5, K-8, and K-9 
CHHSL = CHHSL soil vapor screening level for commercial or industrial exposure scenarios 
Input Concentration = Scenario input concentration for calculating cancer risk and noncancer hazard 
Current Conditions = Soil vapor concentrations measured in October 2008 
Post-Remediation = Soil vapor concentrations identified from the minimum of soil vapor CHHSLs 
and maximum detected concentrations 
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Table 3 

Risk Characterization Summary  
TSFT Excello Site 

 

Constituent Exposure Scenario Cancer Risk Noncancer Hazard

1,1-Dichloroethene Post-Remediation NA 0.007 

1,1,1-Trichloroethane Post-Remediation NA 0.001 

Chloroform Post-Remediation 6 x 10-7 0.0009 

Tetrachloroethene Post-Remediation 2 x 10-6 0.02 

Trichloroethene Post-Remediation 2 x 10-6 0.004 

ILCR or HI Post-Remediation 4 x 10-6 0.03 
 
Notes: 
Cancer risks and noncancer hazards are rounded to one significant figure. 
ILCR = Incidental Lifetime Cancer Risk, sum of the cancer risks for each constituent. 
HI = Hazard Index, sum of the noncancer hazards for each constituent. 
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ATTACHMENT A 
POST-REMEDIATION CONDITIONS 

JOHNSON AND ETTINGER MODEL SPREADSHEETS 
 
 



DATA ENTRY SHEET Post-Remediation
TSFT Site

ENTER ENTER ENTER ENTER
Totals must add up to value of Ls (cell F24)

ENTER ENTER ENTER Soil gas Thickness Thickness
Soil Soil sampling Thickness of soil of soil

Chemical gas gas depth of soil stratum B, stratum C,
CAS No. conc., OR conc., below grade, stratum A, (Enter value or 0) (Enter value or 0)

(numbers only, Cg Cg Ls hA hB hC

no dashes) (µg/m3) (ppmv) (cm) (cm) (cm) (cm) Chemical
79016 1770 152 152 0 0

127184 603 152 152 0 0
75354 400 152 152 0 0
67663 200 152 152 0 0
71556 4800 152 152 0 0

ENTER ENTER ENTER ENTER
MORE Depth Soil

� below grade stratum A User-defined
to bottom Average SCS stratum A

of enclosed soil soil type soil vapor
space floor, temperature, (used to estimate OR permeability,

LF TS soil vapor kv

(cm) (oC) permeability) (cm2)

15 19.4 LS

MORE Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
� ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled ENTER soil dry soil total soil water-filled

Stratum A bulk density, porosity, porosity, Stratum B bulk density, porosity, porosity, Stratum C bulk density, porosity, porosity,
SCS ρb

A nA θw
A SCS ρb

B nB θw
B SCS ρb

C nC θw
C

soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3) soil type (g/cm3) (unitless) (cm3/cm3)

LS 1.62 0.39 0.076 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
� floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 244 0.1 0.5 5

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

1,1-Dichloroethylene

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

Trichloroethylene
Tetrachloroethylene

Chloroform
1,1,1-Trichloroethane

AUTO UPDATED BASED ON CELL "M64"AUTO UPDATED BASED ON CELL "E64"
DO NOT CHANGE STRATUM A VALUES DO NOT CHANGE STRATUM C VALUESDO NOT CHANGE STRATUM B VALUES

AUTO UPDATED BASED ON CELL "I64"

Reset to 
Defaults
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CHEMICAL PROPERTIES Post-Remediation
TSFT Site

Henry's Henry's Enthalpy of
law constant law constant vaporization at Normal Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,

Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS No. Chemical (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 2.0E-06 6.0E-01
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 3.5E-02
75354 1,1-Dichloroethylene 9.00E-02 1.04E-05 2.60E-02 25 6,247 304.75 576.05 96.94 0.0E+00 7.0E-02
67663 Chloroform 1.04E-01 1.00E-05 3.66E-03 25 6,988 334.32 536.40 119.38 5.3E-06 3.0E-01
71556 1,1,1-Trichloroethane 7.80E-02 8.80E-06 1.72E-02 25 7,136 347.24 545.00 133.40 0.0E+00 5.0E+00
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INTERCALCS Post-Remediation
TSFT Site

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

CAS No. Chemical (sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

79016 Trichloroethylene 9.46E+08 137 0.314 0.321 0.321 0.079 1.65E-08 0.957 1.58E-08 4,000 1.77E+03 3.39E+04
127184 Tetrachloroethylene 9.46E+08 137 0.314 0.321 0.321 0.079 1.65E-08 0.957 1.58E-08 4,000 6.03E+02 3.39E+04
75354 1,1-Dichloroethylene 9.46E+08 137 0.314 0.321 0.321 0.079 1.65E-08 0.957 1.58E-08 4,000 4.00E+02 3.39E+04
67663 Chloroform 9.46E+08 137 0.314 0.321 0.321 0.079 1.65E-08 0.957 1.58E-08 4,000 2.00E+02 3.39E+04
71556 1,1,1-Trichloroethane 9.46E+08 137 0.314 0.321 0.321 0.079 1.65E-08 0.957 1.58E-08 4,000 4.80E+03 3.39E+04

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

T Ld

CAS No. Chemical (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

79016 Trichloroethylene 1.06E+06 3.77E-04 15 8,440 7.82E-03 3.26E-01 1.78E-04 1.10E-02 0.00E+00 0.00E+00 1.10E-02 137
127184 Tetrachloroethylene 1.06E+06 3.77E-04 15 9,458 1.35E-02 5.63E-01 1.78E-04 1.00E-02 0.00E+00 0.00E+00 1.00E-02 137
75354 1,1-Dichloroethylene 1.06E+06 3.77E-04 15 6,330 2.12E-02 8.84E-01 1.78E-04 1.25E-02 0.00E+00 0.00E+00 1.25E-02 137
67663 Chloroform 1.06E+06 3.77E-04 15 7,456 2.88E-03 1.20E-01 1.78E-04 1.44E-02 0.00E+00 0.00E+00 1.44E-02 137
71556 1,1,1-Trichloroethane 1.06E+06 3.77E-04 15 7,783 1.33E-02 5.56E-01 1.78E-04 1.08E-02 0.00E+00 0.00E+00 1.08E-02 137

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,
Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding URF RfC

CAS No. Chemical (cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

79016 Trichloroethylene 15 1.77E+03 0.10 8.33E+01 1.10E-02 4.00E+02 2.92E+82 1.24E-03 2.20E+00 2.0E-06 6.0E-01
127184 Tetrachloroethylene 15 6.03E+02 0.10 8.33E+01 1.00E-02 4.00E+02 3.04E+90 1.18E-03 7.14E-01 5.9E-06 3.5E-02
75354 1,1-Dichloroethylene 15 4.00E+02 0.10 8.33E+01 1.25E-02 4.00E+02 2.43E+72 1.32E-03 5.28E-01 NA 7.0E-02
67663 Chloroform 15 2.00E+02 0.10 8.33E+01 1.44E-02 4.00E+02 4.38E+62 1.41E-03 2.82E-01 5.3E-06 3.0E-01
71556 1,1,1-Trichloroethane 15 4.80E+03 0.10 8.33E+01 1.08E-02 4.00E+02 3.33E+83 1.23E-03 5.92E+00 NA 5.0E+00

END
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RESULTS Post-Remediation
TSFT Site

INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS No. Chemical (unitless) (unitless)

79016 Trichloroethylene 1.8E-06 3.5E-03
127184 Tetrachloroethylene 1.7E-06 2.0E-02
75354 1,1-Dichloroethylene NA 7.2E-03
67663 Chloroform 6.1E-07 9.0E-04
71556 1,1,1-Trichloroethane NA 1.1E-03

Sum ILCR Sum HI
4E-06 0.03

SCROLL
DOWN

TO "END"

END
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APPENDIX K

LOGS OF BORINGS AND PHYSICAL PARAMETER

ANALYTICAL TESTING RESULTS







KLF-1-21
KLF-1-21.5
KLF-1-22

KLF-1-BULK-1
KLF-1-22.5
KLF-1-23

KLF-1-23.5
KLF-1-24
KLF-1-26

KLF-1-26.5
KLF-1-27

Concrete: approximately 6 inches thick
Artificial Fill:
Silty Sand (SM): olive brown to brown, moist, fine- to
coarse-grained

Alluvium:
Poorly Graded Sand (SP): yellowish brown, moist, medium dense,
fine- to coarse-grained, trace fine gravel
-- increase in fine-grained, with coarse granitic rock in middle of
sample
Poorly Graded Sand with Silt (SP-SM): yellowish brown, moist,
medium dense, fine- to medium-grained, trace coarse-grained, some
fine gravel
-- increase in fines content
Silty Sand (SM): olive, moist, fine- to medium-grained, trace coarse
grained
-- increase in moisture content
-- decrease in fines content

Poorly Graded Sand (SP): yellowish brown to brown, moist, dense,
fine- to medium-grained, some coarse-grained, trace coarse gravel
Poorly Graded Sand with Silt (SP-SM): yellowish brown to brown,
moist, fine- to medium-grained
-- fine- to coarse-grained

Sandy Silt  (ML): yellowish brown to yellow, moist, firm to hard,
fine- to coarse-grained, some fine and coarse gravel, trace salt-like
material

-- trace coarse gravel
Poorly Graded Sand with Silt (SP-SM): yellow to light yellowish
brown, moist, fine- to coarse-grained, trace fine and coarse gravel

-- increase in fines content
Silty Sand (SM): olive, moist, fine- to medium-grained, trace coarse
gravel
-- decrease in fines content

Poorly Graded Sand with Silt (SP-SM): olive, moist, dense, fine- to
medium-grained, some coarse-grained, trace fine- to coarse-grained at
tip of sample
-- increase in fines content
-- with fine and coarse gravel
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Date Drilled:
Drilled By:
Drilling Method:
Logged By:

11/6/09
ABC Liovin Drilling, Inc.
8 inch, HSA, Trip Hammer
FJJ

> 43.5
11/6/2009

Water Depth:
Date Measured:
Elevation:
Datum:

Drafted By:           Reviewed By:
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Legend To Logs On Plate A-1

A-2a
LOG OF BORING KLF-1

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.
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KLF-1-37

KLF-1-38.5

KLF-1-39.5
KLF-1-40

KLF-1-BULK-2
KLF-1-40.5
KLF-1-41

KLF-1-41.5
KLF-1-42.5
KLF-1-43

-- increase in fines content, some coarse gravel

Sandy Silt (ML): olive, moist, soft to firm, fine- to medium-grained,
some clay, moderate iron oxide staining, slight yellowish staining
-- decrease in fines content
Clayey Sand (SC): olive to dark brown, moist, very dense, fine- to
medium-grained, trace vertical silt lenses approximately 1/8-inch
thick, moderate iron oxide staining
-- gravel up to 3 inches in diameter observed in cuttings
-- decrease in fines content, heavy iron oxide staining
Poorly Graded Sand (SP): yellowish brown, moist, very dense, fine-
to coarse-grained, heavy iron oxide staining

Boring terminated at approximately 43.5 feet.
Groundwater not encountered.
Boring backfilled with bentonite-grout slurry and capped with
approximately 4 inches of cement.`
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Legend To Logs On Plate A-1

A-2b
LOG OF BORING KLF-1

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.
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KLF-2-21.5
KLF-2-22

KLF-2-BULK-1
KLF-2-22.5
KLF-2-23

KLF-2-23.5
KLF-2-24

KLF-2-24.5
KLF-2-25

KLF-2-25.5

Asphalt/Concrete: approximately 3.75 inches of asphalt, 4.5 inches
of base, 5 inches of sand with silt, 3.5 inches of concrete, and 3 feet of
highly-compacted soil

Silty Sand (SM): dark olive brown, moist, fine- to medium-grained,
some coarse-grained and fine gravel
-- grinding on possible cobbles

-- decrease in fines content

Poorly Graded Sand with Silt (SP-SM): dark olive brown, moist,
fine- to coarse-grained

-- olive, dense to very dense, trace fine gravel
-- decrease in fines content
Poorly Graded Sand (SP): light gray, moist, dense to very dense,
fine- to coarse-grained
-- increase in fines content
-- fine- to medium-grained
-- increase in fines content toward tip of sample
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Date Drilled:
Drilled By:
Drilling Method:
Logged By:

11/6/09
ABC Liovin Drilling, Inc.
8 inch, HSA, Trip Hammer
FJJ

> 45.5
11/6/2009

Water Depth:
Date Measured:
Elevation:
Datum:

Drafted By:           Reviewed By:
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Legend To Logs On Plate A-1

A-3a
LOG OF BORING KLF-2

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.

PLATEThe Spirito Family Trust Parcel
4057 and 4059 Goodwin Avenue
Los Angeles, California
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KLF-2-41
KLF-2-41.5

KLF-2-BULK-2
KLF-2-43

KFL-2-43.5
KLF-2-44

KLF-2-44.5
KLF-2-45

-- no recovery

Clayey Sand (SC): olive gray, moist, very dense, fine to medium
grained
-- decrease in fines content toward tip of sample
Poorly Graded Sand with Silt (SP-SM): light gray to white, moist,
fine- to coarse-grained, with fine to coarse gravel
-- fine- to medium-grained
-- increase in fines content, with fine to coarse pebble-like gravel

Boring terminated at approximately 45.5 feet.
Groundwater not encountered.
Boring backfilled with bentonite-grout slurry and capped with
approximately 4 inches of cement.`
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Legend To Logs On Plate A-1

A-3b
LOG OF BORING KLF-2

Note: The boundaries between soil types shown on the logs are approximate as the transition between different soil layers may be gradual.

PLATEThe Spirito Family Trust Parcel
4057 and 4059 Goodwin Avenue
Los Angeles, California
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0

100

SAMPLE 
NO. 

DEPTH       
(ft.)

GRAVEL SAND FINES LL PL PI

� 1236 22-23 5 31 63.7 -- -- -- sandy SILT ML

� 1335 40-41 4 55 41.0 -- -- -- clayey SAND SC

� 1545 22-23 20 72 8.3 -- -- -- SAND w/silt SP-SM

X 1615 41-42 4 47 48.8 -- -- -- clayey SAND SC

0 0     

PROJECT # 101942/005 GRAIN SIZE DISTRIBUTION

KLF-2

0

PERCENTAGES ATTERBERG LIMITS

KLF-1

SYMBOL SOIL CLASSIFICATION

KLF-2

KLF-1

BORING 
NO.

SAMPLE IDENTIFICATION USCS
TOTAL

SAMPLE

Spirito Family Trust

Physical Parameter Testing

Monrovia, California

PLATE

0

3" 1.5" 3/4" 3/8" #4 #10 #20 #40 #60#100 #200 SILT                       
CLAY
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PROJECT: Sampled By FJJ DATE: 11/6/2009
Physical Parameter Testing Tested By ELF DATE 11/12/2009

NUMBER 101942/005 Reviewed By SWH DATE 11/16/2009

Boring No.
Depth          

ft USCS

Wet
Density

pcf

Moisture
Content 

%

Dry
Density 

pcf
Saturation

%

KLF-1 1236 22.0 ML 106.1 2.9 103.2 12.6

KLF-1 1236 22.5 ML 111.4 3.7 107.5 18.2

KLF-1 1335 40.0 SC 91.1 22.9 74.1 49.2

KLF-1 1335 40.5 SC 99.9 18.2 84.5 50.5

KLF-2 1545 22.0 SP-SM 85.5 6.4 80.4 15.9

KLF-2 1545 22.5 SP-SM 89.2 2.9 86.7 8.4

KLF-2 1615 41.0 SC 90.9 14.6 79.3 35.7

KLF-2 1615 41.5 SC 112.4 10.9 101.3 45.8
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PROJECT: Spirito Family Trust Sampled By FJJ DATE 11/6/2009

Physical Parameter Testing Tested By ELF DATE 11/12/2009

NUMBER 101942/005 Reviewed By SWH DATE 11/16/2009

Boring No. Depth Ph

ppm % ppm %

KLF-1 1236 22-23 0.0 0.0000 -12 -0.0012 7.9

KLF-1 1335 40-41 0.0 0.0000 -12 -0.0012 7.9

KLF-2 1545 22-23 0.0 0.0000 -12 -0.0012 7.8

KLF-2 1615 41-42 0.0 0.0000 -12 -0.0012 8.2

0.0 0.0000 -12 -0.0012

SUITE OF CORROSION TESTS
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Sulphate Content Chloride Content



PTS File No: 39975
Client: Kleinfelder

PROJECT NAME: TSFT
PROJECT NO: 101942/005

FRACTION ORGANIC TOTAL ORGANIC
SAMPLE DEPTH, ANALYSIS ANALYSIS SAMPLE CARBON, CARBON,

ID. ft. DATE TIME MATRIX g/g mg/kg

KLF-1-22.0, 22.5 N/A 11/25/09 1230 SOIL 1.40E-04 140

KLF-2-22.0, 22.5 N/A 11/25/09 1230 SOIL 2.60E-04 260

KLF-1-40.0, 40.5 N/A 11/25/09 1230 SOIL 2.70E-04 270

KLF-2-41.0, 41.5 N/A 11/25/09 1230 SOIL 2.50E-04 250

Blank N/A 11/25/09 1230 BLANK ND ND

SRM D064-542 N/A 11/25/09 1230 SOIL 2.78E-03 2780

QC DATA

QC Performance
SRM ID/Lot No. REC (%) Control Limits Certified Value, Acceptance Limits,

mg/kg mg/kg

D064-542 68 49-247 4110 1360-6860

ND = Not Detected

ORGANIC CARBON DATA - TOC (foc)

PTS Laboratories

(METHODOLOGY: WALKLEY-BLACK)
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EXECUTIVE SUMMARY 
 
Bench-scale treatability testing was conducted on soil (KLF1-Bulk-1) from the former 
Excello Plating Company, located in Los Angeles, California, which contained relatively 
low levels of metals.  A portion of the soil was spiked with Cr(VI), cadmium, and nickel 
to better represent more highly impacted soils at the site. Testing evaluated the ability of 
cement to solidify soil and prevent leaching of metals from both spiked and unspiked 
soil.  The specific metals of interest were hexavalent chromium [Cr(VI)], arsenic, 
cadmium, total chromium and nickel.  This study is a follow-up study to bench testing 
conducted in December 2009, which evaluated the reducing agents; calcium polysulfide 
and ferrous iron [Fe(II)], in conjunction with cement (final report “Evaluation of Calcium 
Polysulfide and Ferrous Iron for the Reduction of Hexavalent Chromium in Soil” March 
18, 2010).         
 
Treatment of soil with up to 18% cement reduced the leachability of Cr(VI), nickel and 
cadmium, but did not prevent leaching in most cases.  Cr(VI) concentrations in leachate 
from treated soils were of the same order of magnitude as untreated soil, though the exact 
concentrations decreased with increasing dose of cement.  Treatment with cement 
dramatically reduced leachability of nickel for MTZ (high metals) soil, but slightly 
increased the leachability of nickel in BUF (low metals) soil.  Cadmium leachability was 
completely eliminated by treatment of MTZ soil with cement.  Arsenic was not detected 
in any leachate. 
 
The DI WET results presented in this report must be viewed with caution and should be 
assumed to be a worst case scenario.  Although cores were not crushed prior to 
performing the DI WET procedure, cores disintegrated to some extent during the mixing 
process.  Thus, the surface area (and thus leaching potential) was much greater in the DI 
WET procedure than would be expected in the field if the soil is treated in situ.  
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1.0  INTRODUCTION 
 
 
Bench-scale treatability testing was conducted on soil (KLF1-Bulk-1) from the former 
Excello Plating Company, located in Los Angeles, California, which contained relatively 
low levels of metals.  A portion of the soil was spiked with Cr(VI), cadmium, and nickel 
to better represent more highly impacted soils at the site. Testing evaluated the ability of 
cement to solidify soil and prevent leaching of metals from both spiked and unspiked 
soil.  The specific metals of interest were hexavalent chromium [Cr(VI)], arsenic, 
cadmium, total chromium and nickel.  
 
This study described herein is a follow-up study to bench testing conducted in December 
2009, which evaluated the reducing agents calcium polysulfide and ferrous iron [Fe(II)], 
as well as cement.  The December 2009 study is described in the final report “Evaluation 
of Calcium Polysulfide and Ferrous Iron for the Reduction of Hexavalent Chromium in 
Soil” dated March 18, 2010.   All references herein to “the original bench test” or “the 
original study” refer to the December 2009 study. 
 
 
1.1  Background 
 
Cement is commonly used to solidify soils.  Because cement is alkaline, it may reduce 
the solubility of metals by forming the metal hydroxide, which is often insoluble in water.  
Cement cannot convert significant amounts of Cr(VI) to trivalent chromium, but may 
reduce the leachability of Cr(VI) from soil by reducing the permeability of the soil.   
 
 
1.2  Study Objectives 
 
Batch tests will be conducted to evaluate the ability of cement to reduce leachability of 
Cr(VI) and solidify soil.  Specific goals of the testing are to 
 

− determine effect of various cement doses on leachability of metals of interest 
− determine the strength of soil treated with various amounts of cement 

 
The specific tests conducted to achieve these goals are described in Section 2.0 of this 
report.  Results and observations are presented in Section 3.0.  Conclusions and 
recommendations are presented in Sections 4.0.  PRIMA Environmental, Inc. (PRIMA) 
has evaluated the effectiveness of cement stabilization based on the results of the bench 
tests.  However, it is the responsibility of Kleinfelder to review this report and use its 
knowledge and expertise to determine whether cement stabilization should be applied at 
the site. 
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2.0  MATERIALS and METHODS 
 
 
2.1  Materials 
 
Cadmium nitrate tetrahydrate, Cd(NO3)2•4H2O.  “Baker Analyzed” reagent grade 
Cd(NO3)2•4H2O (JT Baker) was used in this study. 
 
Cement.  Type I/Type II Portland cement purchased from a local hardware store was 
used in this study. 
 
Nickel chloride hexahydrate, NiCl2•6H2O.  “Reagent Plus” grade NiCl2•6H2O (Sigma 
Aldrich) was used in this study. 
 
Potassium dichromate, K2Cr2O7.  99%+ ACS reagent grade K2Cr2O7. (Sigma Aldrich) 
was used in this study. 
 
 
2.2  Preparation and Characterization of Soil 
 
One 5-gallon bucket of soil labeled “KLF1-Bulk-1” and weighing approximately 14 kg 
(30 pounds) was received by PRIMA on July 26, 2010.  This sample is in addition to 
KLF1-Bulk-1 received December 8, 2009 and used in the original bench test (see Section 
1.0).  The new soil was passed through a No. 4 sieve to remove rocks greater than 3/16 
inches.  Approximately 2 kg (4.4 lbs) of rocks were removed.  The remaining soil was 
thoroughly homogenized then analyzed for: 
 

− Cr(VI) 
− Percent moisture 
− Total metals (arsenic, cadmium, chromium, nickel) 
− DI WET, with analysis of arsenic (As), cadmium (Cd), chromium (Cr), and nickel 

(Ni) in the leachate 
 
Because Cr(VI) and total metal concentrations in KLF1-Bulk-1 were not representative 
of the most highly impacted soil at the site, 6.84 kg of soil was spiked to target 
concentrations of 10,000 mg/kg Cr(VI), 2600 mg/kg Ni and 230 mg/kg Cd using 
procedures described in the original bench test.  This spiked soil was thoroughly 
composited with 3.66 kg of spiked soil remaining from the original bench test.  The 
resulting composited spiked soil was used in this study and is hereafter referred to as 
MTZ soil or high metals soil.   
 
The unspiked soil from the original bench test (5.54 kg) and the remaining (unspiked) 
soil received in July 2010 were thoroughly composited.  The resulting unspiked KLF1-
Bulk 1 soil was used in this study and is hereafter referred to as BUF soil or low metals 
soil.  
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The MTZ and BUF soils were analyzed for:  
 

− Cr(VI) 
− Metals (arsenic, cadmium, chromium, nickel) 
− DI WET (extract analyzed for Cr(VI), As, Cd, Cr, Ni) 

 
2.3  Cement Stabilization 
 
Both low metals and high metals soils were evaluated.  A clean sand (20 mesh silica 
sand) control using a single dose of cement was also run.  Tests conditions are 
summarized in Table 1.  Each soil was treated with 4 doses of cement ranging from 4 to 
18% by weight.  Soil and cement were blended dry, then water was added as needed to 
create thick slurry.  Each slurry was poured into 2 plastic molds that were 2 inches in 
diameter and 4 inches high.  The molds were rodded 10 times to remove air pockets.  
Any remaining slurry was poured into a plastic beaker and the volume recorded   The 
slurries were cured on the bench top for 7 days.  After curing, the penetration resistance 
was measured using a pocket penetrometer.  One core from each pair of molds was then 
submitted for assessment of leachable metals (DI WET:  As, Cr(VI), Cr, Cd, Ni).  The 
cores were cut in half cross-wise by the analytical laboratory using a stainless saw in 
order to achieve the appropriate sample mass.  One-half of the cores were extracted as is 
(rather than being crushed) in order to better represent the potential contact between 
solidified, in-place soil and leachate.  However, because the DI WET extraction 
apparatus is an end-over-end tumbler, all of the cores disintegrated to some degree during 
the extraction process.  (Note that for the MTZ soil, the top surface (<1/16 inch) of the 
core was scraped off because the surface appeared to have a “crust” of Cr(VI) that 
probably appeared when a very fine layer of water on the surface of the slurry 
evaporated.)   The second core from each pair was submitted for measurement of 
unconfined compressive strength (UCS) and moisture content.    
 
A set of slurries—similar to those in Table 1, but on a smaller scale and using twice as 
much water—were prepared and the pH measured.  More water was used in order to 
enable measurement of pH.  Readings were taken approximately 30 minutes after 
combining the soil, cement and water.   
 
2.4  Analytical Methods 
 
The method for each analysis and the lab to perform the analysis are given in Table 2. 
 
 



 

Table 1.  Initial Conditions for Cement Stabilization Tests. 
Test g soil Cement added H2O Added Volume slurry, cm3

% (w/w) g mL in molds extra* total*
Clean Sand (Control)

Con - 1/1S - A 750 12 90 175 412 110 522
Con - 1/1S - B 750 12 90 175 412 120 532

Main treatment zone Soil [high Cr(VI)]
MTZ - 1/1S - A 750 4 30 70 412 0 412
MTZ - 1/1S - B 750 4 30 71 412 0 412
MTZ - 2/2S - A 750 8 60 95 412 20 432
MTZ - 2/2S - B 750 8 60 95 412 20 432
MTZ - 3/3S - A 750 12 90 100 412 40 452
MTZ - 3/3S - B 750 12 90 100 412 40 452
MTZ - 4/4S - A 750 18 135 110 412 65 477
MTZ - 4/4S - B 750 18 135 115 412 65 477

Buffer zone soil [low Cr(VI)]
Buf - 1/1S - A 750 4 30 146 412 35 447
Buf - 1/1S - B 750 4 30 146 412 30 442
Buf - 2/2S - A 750 8 60 156 412 50 462
Buf - 2/2S - B 750 8 60 156 412 50 462
Buf - 3/3S - A 750 12 90 159 412 70 482
Buf - 3/3S - B 750 12 90 160 412 65 477
Buf - 4/4S - A 750 18 135 172 412 90 502
Buf - 4/4S - B 750 18 135 172 412 90 502

* After curing for 7 days  
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Table 2.  Analytical Methods. 

Analyte Method Lab performing test* 
Cr(VI) 7199 Cal Science 
Total Metals EPA 6020 Cal Science 
DI WET DI WET Cal Science 
Moisture content ASTM D1633 Sierra Testing Labs 
pH Probe PRIMA 
UCS ASTM D4832 Sierra Testing Labs 

  *  Calscience (Garden Grove, CA), Sierra Testing Labs (El Dorado Hills, CA) 
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3.0  RESULTS and  DISCUSSION 
 
 
3.1  Untreated Soil  
 
The analytical results for untreated soil are given in Table 3.  Values for the soil used 
during the December 2009 tests are included for comparison.  Complete analytical 
reports for the soils used in this study are provided in Appendix B.  Concentrations of 
Cr(VI) and metals are similar in the original spiked soil and in MTZ soil and are near the 
target concentrations.  Cr(VI) and metals concentrations are also similar in the original 
unspiked soil and the BUF soil.   
 
 
3.2  Cement Stabilization Results 
 
The results of the cement stabilization tests are shown in Table 4.  Note that the samples 
subjected to the DI WET procedure consisted of ½ of an intact core—solidified material 
was not crushed.  (One-half of each core was used in order maintain the 10:1 liquid to 
soil mass ratio required by the DI WET procedure.  Cores were cut cross-wise using a 
stainless steel saw.)    
   
3.2.1  Observations 
 
Cement-treated BUF soils were generally tan colored with no obvious sign of Cr(VI) on 
the surface.  BUF-1 soils appeared to be somewhat easy to break, while samples treated 
with higher doses of cement seemed stronger.  However no effort was made to assess the 
friability of the treated materials because cores were needed intact for post-treatment 
testing.   
 
Cement-treated MTZ soils were generally brown with a small crust of yellowish material 
on the surface.  This yellowish material was presumed to be Cr(VI).  It was scraped off of 
the samples before submitting the cores for DI WET.  For MTZ-1, the crust was easily 
scraped off.  For other cores, more effort was required.     
 
3.2.2  DI WET  
 
The samples used for DI WET procedure were ½ of an intact core.  However, according 
to the analytical lab, all of the cores disintegrated to some degree during the mixing 
process (cores are tumbled in an end-over-end mixing apparatus).  Thus, the DI WET 
results reported herein represent a worst case scenario since the large surface area of the 
crushed soil enhances leachability.  
  
Control Sample.  The control sample—clean sand treated with 12% cement—leached 
small amounts of Cr(VI) [0.24-0.25 mg/L], Cr (0.309-0.345 mg/L), and Ni (0.0284-
0.0289 mg/L).  The presence of these metals in the leachate may be due to 



 

Table 3.  Cr(VI) and Other Parameters in Untreated Soil. 
Analyte Units Unspiked Soil* (12/09 tests) Spiked Soil** (12/09 tests)

Unspiked 
Soil+ (7/10)

BUF Soil^# MTZ Soil$, #

Analyzed 12/09 Re-analyzed 
6/10

Analyzed 12/09 Re-analyzed 
6/10

Metals (EPA 
Arsenic mg/kg 1.8 n.m. 1.8 n.m. 1.1 1.07 1.02
Cadmium mg/kg   < 1.0 < 1.0 210 242 < 1.0 < 1.0 214
Chromium mg/kg   99 50.4 10,000 8,920 44 114 8,230
Nickel mg/kg   7.3 4.33 2,900 2,790 4.25 4.53 2,100

DI WET
Cr(VI) - 7199 mg/L 1.5 n.m. 290 n.m. n.m. 2.2 900
Arsenic mg/L < 0.10 n.m. < 0.05 n.m. n.m. < 0.01 < 0.01
Cadmium mg/L < 0.10 n.m. 9 n.m. n.m. < 0.01 17.3
Chromium mg/L 1.5 n.m. 480 n.m. n.m. 2.68 870
Nickel mg/L < 0.20 n.m. 130 n.m. n.m. 0.0123 234
Munsell Soil Color*
Brown 7.5YR 5/3 7.5YR 5/3 n.a. n.a. n.m. n.a. n.a.
Dark yellowish brown n.a. n.a. 10YR 4/4 10YR 4/4 n.m. 10YR 4/3 10YR4/4

Other 
Cr(VI) - 7199 mg/kg 10.2 47 8,900 8,600 25 41 8,800
* KLF1-Bulk 1, received December 2009, unspiked

** KLF1-Bulk 1, received December 2009, spiked

^  Composite of unsplied KLF-1-Bulk1 received in December 2009 and July 2010.

$  Composite of KLF-1-Bulk 1 soil spiked in 12/09 and in 8/10.

#  This soil used for cement stabilizaiton tests.

+  KLF-1-Bulk 1, received July 2010

Munsell Color 
Code

 
 
 

PRIMA Environmental, Inc. 7 Eval of Cement Stabilization 
September 29, 2010   Kleinfelder – Excello Part 2  



 

PRIMA Environmental, Inc. 8 Eval of Cement Stabilization 
September 29, 2010   Kleinfelder – Excello Part 2  

Table 4.  Cement Stabilization Test Results. 
Cement DI WET*, mg/L UCS** Moisture 

Content**,^
% Cr(VI) Arsenic Cadmium Chromium Nickel psi %

Clean Sand (Control)

Con - 1A 12 0.25 < 0.01 < 0.01 0.345 0.0284 11.7 103 8.2

Con - 1B 12 0.24 < 0.01 < 0.01 0.309 0.0289 11.7 131 7.1

Main treatment zone Soil [high Cr(VI)]
MTZ - 1A 4 530 < 0.01 < 0.01 772 0.041 10.2 74 16 5Y 4/4
MTZ - 1B 4 550 < 0.01 < 0.01 647 0.0519 10.2 69 16.9 5Y 4/4
MTZ - 2A 8 420 < 0.01 < 0.01 589 0.104 11.0 183 16.5 5Y 4/4
MTZ - 2B 8 470 < 0.01 < 0.01 508 0.0425 11.0 129 16.9 5Y 4/4
MTZ - 3A 12 490 < 0.01 < 0.01 469 0.0889 11.2 249 15.7 5Y 4/4
MTZ - 3B 12 380 < 0.01 < 0.01 510 0.0568 11.2 304 14.7 5Y 4/4
MTZ - 4A 18 290 < 0.01 < 0.01 378 0.0529 11.4 457 13.8 5Y 4/4
MTZ - 4B 18 280 < 0.01 < 0.01 321 0.0463 11.4 478 13.6 5Y 4/4

Buffer zone soil [low Cr(VI)]
Buf - 1A 4 1.4 < 0.01 < 0.01 1.71 0.01 11.3 44 10 2.5Y 4/3
Buf - 1B 4 1.3 < 0.01 < 0.01 1.49 < 0.01 11.3 37 9.7 2.5Y 4/3
Buf - 2A 8 0.61 < 0.01 < 0.01 0.675 0.0207 11.4 118 10.3 2.5Y 4/3
Buf - 2B 8 0.58 < 0.01 < 0.01 0.688 0.0239 11.5 131 10.1 2.5Y 5/3
Buf - 3A 12 0.55 < 0.01 < 0.01 0.716 0.0291 11.6 300 10.1 2.5Y 6/3
Buf - 3B 12 0.46 < 0.01 < 0.01 0.562 0.0278 11.6 337 9.7 2.5Y 6/2
Buf - 4A 18 0.28 < 0.01 < 0.01 0.363 0.0328 11.7 826 11 2.5Y 6/2
Buf - 4B 18 0.36 < 0.01 < 0.01 0.496 0.0346 11.7 745 10.8 2.5Y 6/2

*  DI WET extraction performed on intact soil cores.

$  Measured on separately prepared samples and measured approximately 30 minutes after soil, w ater and cement combined.  See text for discussion.  

**  UCS and Moisture content performed on split sample - see text for discussion.

^ Moisture content = 100 *(mass w ater / mass dry soil)

approx. 5Y 
7/1 -  

samples 
grayer

Test pH$ Munsell 
Color



 

impurities in the sand or cement, or to abrasion of the stainless steel saw used to cut the 
cores.   

 
Cr(VI) and Cr.  Cr(VI)  and Cr were detected in leachate from all samples.  For the BUF 
soil, Cr(VI) concentrations ranged from 0.28 to 1.4 mg/L; for MTZ soil, concentrations 
ranged from 280 to 550 mg/L.  For both soils, the amount of Cr(VI) in the leachate was 
lower than in untreated soil (Table 3) and decreased with increasing cement dose 
(compare Buf-1 with Buf-4 and MTZ-1 with MTZ-4).  This implies that treatment with 
cement can reduce the leachability of Cr(VI), though the mechanism is probably due to 
reduced permeability of the cement-treated soil.  The amount of total Cr was usually 
somewhat higher than the amount of Cr(VI).  This may be due to the slight solubility of 
trivalent chromium at high pH, or more likely, due to normal analytical variation between 
methods.   
 
Nickel.  Nickel was detected in most samples (0.01 to 0.104 mg/L).  For BUF samples, 
the concentrations were typically less than or equal to the control.  For MTZ soil, the 
concentrations were up to 3 times higher than in the control, but in all cases were much 
less than the 234 mg/L leached by untreated soil (Table 3.)   
 
Arsenic and Cadmium.  No arsenic or cadmium was detected in leachate from any 
sample.  The lack of cadmium in the MTZ soil indicates that cement-treatment can 
stabilize cadmium, which was present at 17.1 mg/L in leachate from untreated MTZ soil 
(Table 3). 
 
3.2.3  pH 
 
The pH of the cement-treated samples was alkaline—ranging from pH 10.2 to 11.7, 
depending upon the amount of cement added and the soil.  It should be noted that these 
values were taken about 30 minutes after mixing of soil, cement and water and may 
decline somewhat over time as the natural buffering ability of the soil neutralizes some of 
the alkalinity.  
 
3.2.4  Geotechnical Parameters – UCS and Moisture content 
 
Penetration resistance as measured using a pocket penetrometer was greater than 4.5 
tons/ft2 for all cores at 7 days.  Unconfined compressive strength ranged from 37 psi to 
826 psi.  As expected, values increased with increasing amount of cement.  In general 
UCS for the two soils was similar for a given dose of cement.   
 
Moisture content (mass of water/mass of dry soil, expressed as a percent) was higher for 
the MTZ soil than for the BUF soil.  This is probably because MTZ soil had higher 
moisture content to begin with due to the spiking procedure. 
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3.3  Bulking Factor 
 
The total volume of slurry in Table 1 and the treated bulk density of the soil can be used 
in conjunction with the wet bulk density to estimate the bulking factor.  The treated bulk 
density in Table 5 is defined as  
 
 
 Treated Bulk Density (g/cm3) = mass soil (g) / volume of treated soil (cm3) Eqn. 1 
 
 
The bulking factor can be calculated according to Eqn. 2: 
 
 
 Bulking Factor =  
 Wet Bulk Density in Field (g/cm3) / Treated Bulk Density (g/cm3) Eqn. 2 
 
 
Thus, if the wet bulk density of soil in the field is 2.00 g/cm3, then the bulking factor for 
treatment of BUF soil with 18% cement (BUF 4) is 2.00/1.49 = 1.34. 
 
 

Table 5.  Treated Bulk Density of Soil. 
Mass Soil Volume slurry* Treated Bulk 

density of  soil**
g cm3 g soil/cm3

Main treatment zone Soil [high Cr(VI)]
MTZ - 1/1S - A 750 412 1.82
MTZ - 1/1S - B 750 412 1.82
MTZ - 2/2S - A 750 432 1.74
MTZ - 2/2S - B 750 432 1.74
MTZ - 3/3S - A 750 452 1.66
MTZ - 3/3S - B 750 452 1.66
MTZ - 4/4S - A 750 477 1.57
MTZ - 4/4S - B 750 477 1.57

Buffer zone soil [low Cr(VI)]
Buf - 1/1S - A 750 447 1.68
Buf - 1/1S - B 750 442 1.70
Buf - 2/2S - A 750 462 1.62
Buf - 2/2S - B 750 462 1.62
Buf - 3/3S - A 750 482 1.56
Buf - 3/3S - B 750 477 1.57
Buf - 4/4S - A 750 502 1.49
Buf - 4/4S - B 750 502 1.49

*  volume after curing for 7 days.

** Treated bulk density of soil was caluclated by dividing the mass of soil used 

    by the volume after treatment

Test 

 



 

4.0  CONCLUSIONS 
 
Treatment of soil with up to 18% cement reduced the leachability of Cr(VI), nickel and 
cadmium, but did not prevent leaching in most cases.  Cr(VI) concentrations in leachate 
from treated soils were of the same order of magnitude as untreated soil, though the exact 
concentrations decreased with increasing dose of cement.  Treatment with cement 
dramatically reduced leachability of nickel for MTZ (high metals) soil, but slightly 
increased the leachability of nickel in BUF (low metals) soil.  Cadmium leachability was 
completely eliminated by treatment of MTZ soil with cement.  Arsenic was not detected 
in any leachate. 
 
The DI WET results presented in this report must be viewed with caution and should be 
assumed to be a worst case scenario.  Although cores were not crushed prior to 
performing the DI WET procedure, cores disintegrated to some extent during the mixing 
process.  Thus, the surface area (and thus leaching potential) was much greater in the DI 
WET procedure than would be expected in the field if the soil is treated in situ.  
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aboratories, Inc.
nvironmental

alscience

June 04, 2010

Cindy Schreier
Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702
P

10-06-0089Calscience Work Order No.:Subject:
Not ListedClient Reference:

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples
included in this report were received 6/2/2010 and analyzed in accordance with
the attached chain-of-custody.

Unless otherwise noted, all analytical testing was accomplished in accordance with
the guidelines established in our Quality Systems Manual, applicable standard
operating procedures, and other related documentation.  The original report of
subcontracted analysis, if any, is provided herein, and follows the standard Calscience
data package. The results in this analytical report are limited to the samples tested
and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact
the undersigned.

Sincerely,

Calscience Environmental
Laboratories, Inc.

Robert Stearns
Project Manager

7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 06/02/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-06-0089Work Order No:
El Dorado Hills, CA 95762-5702 EPA 3060APreparation:

EPA 7199Method:

Project: Not Listed Page 1 of 1

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

06/01/10 06/02/10 06/02/10Solid 100602L02KF.EXC2.UNSP.SO 10-06-0089-1-A IC 12
19:0615:30

QualParameter Result RL UnitsDF

mg/kgChromium, Hexavalent 0.80 2047

06/01/10 06/02/10 06/02/10Solid 100602L02KF.EXC2.SPK.SO 10-06-0089-2-A IC 12
18:1915:30

QualParameter Result RL UnitsDF

mg/kgChromium, Hexavalent 160 40008600

06/02/10N/A 06/02/10Solid 100602L02Method Blank 099-05-125-2,139 IC 12
14:01

QualParameter Result RL UnitsDF

mg/kgChromium, Hexavalent 0.040 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 06/02/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-06-0089Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 7199Method:

Project: Not Listed Page 1 of 1

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

06/01/10 06/04/10 06/04/10Solid 100604L01KF.EXC2.UNSP.SO 10-06-0089-1-A IC 12
12:2515:30

-This sample was prepared with deionized water as the extractant.
-Sample extracted outside recommended holding time.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.10 102.8

06/01/10 06/04/10 06/04/10Solid 100604L01KF.EXC2.SPK.SO 10-06-0089-2-A IC 12
12:1715:30

-This sample was prepared with deionized water as the extractant.
-Sample extracted outside recommended holding time.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000890

06/04/10N/A 06/04/10Solid 100604L01Method Blank 099-14-017-5 IC 12
09:29

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 06/02/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-06-0089Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: Not Listed Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/L

Instrument

06/01/10 06/02/10 06/04/10Solid 100604LA1KF.EXC2.UNSP.SO 10-06-0089-1-A ICP/MS 03
12:3215:30

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter RLResult DF Qual
Cadmium 0.0100 1ND Nickel 0.0100 1ND
Chromium 0.0100 13.70

06/01/10 06/02/10 06/04/10Solid 100604LA1KF.EXC2.SPK.SO 10-06-0089-2-A ICP/MS 03
12:4615:30

-This sample was prepared with deionized water as the extractant.Comment(s):

-The analysis was performed on an STLC extract of the sample.
Parameter Result RL DF Qual Parameter RLResult DF Qual
Cadmium 0.100 1025.5 Nickel 0.100 10298
Chromium 0.100 101090

06/02/10N/A 06/04/10Aqueous 100604LA1Method Blank 096-06-003-2,829 ICP/MS 03
12:04

Parameter Result RL DF Qual Parameter RLResult DF Qual
Cadmium 0.0100 1ND Nickel 0.0100 1ND
Chromium 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 06/02/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-06-0089Work Order No:
El Dorado Hills, CA 95762-5702 EPA 3050BPreparation:

EPA 6020Method:

Project: Not Listed Page 1 of 1
Lab Sample

Number
Date/Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

Units: mg/kg

Instrument

06/01/10 06/02/10 06/02/10Solid 100602L01KF.EXC2.UNSP.SO 10-06-0089-1-A ICP/MS 03
15:1215:30

Parameter Result RL DF Qual Parameter RLResult DF Qual
Cadmium 1.00 1ND Nickel 1.00 1  4.33
Chromium 2.00 150.4

06/01/10 06/02/10 06/03/10Solid 100602L01KF.EXC2.SPK.SO 10-06-0089-2-A ICP/MS 03
13:2115:30

Parameter Result RL DF Qual Parameter RLResult DF Qual
Cadmium 20.0 20242 Nickel 20.0 202790
Chromium 40.0 208920

06/02/10N/A 06/02/10Solid 100602L01Method Blank 096-10-002-1,750 ICP/MS 03
14:27

Parameter Result RL DF Qual Parameter RLResult DF Qual
Cadmium 1.00 1ND Nickel 1.00 1ND
Chromium 2.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

. .

Page 5 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-06-0089

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

Not ListedProject

T22.11.5.AII DIPreparation:

06/02/10Date Received:

Quality Control Sample ID

KF.EXC2.UNSP.SO

MS/MSD Batch
Number

100604SA1

Matrix

Solid

Date
Analyzed

06/04/10

Date
Prepared

06/02/10

Instrument

ICP/MS 03

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-8Cadmium 485 84-11489
0-11Chromium 489 73-13395
0-10Nickel 498 68-122102

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 6 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-06-0089

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

Not ListedProject:

T22.11.5.AII DIPreparation:

06/02/10Date Received

Quality Control Sample ID

KF.EXC2.UNSP.SO

PDS / PDSD  Batch
Number

100604SA1

Matrix

Solid

Date Analyzed

06/04/10

Date
Prepared

06/02/10

Instrument

ICP/MS 03

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-8Cadmium 194 92 75-125
0-11 QChromium 0116 118 75-125
0-10Nickel 0101 101 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 7 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-06-0089

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

Not ListedProject

EPA 3050BPreparation:

06/02/10Date Received:

Quality Control Sample ID

10-06-0039-1

MS/MSD Batch
Number

100602S01

Matrix

Solid

Date
Analyzed

06/02/10

Date
Prepared

06/02/10

Instrument

ICP/MS 03

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-12 3Cadmium 2294 85-121289
0-15 QChromium 4X4X 20-1824X
0-15 3Nickel 4206 46-154193

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-06-0089

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

Not ListedProject:

EPA 3050BPreparation:

06/02/10Date Received

Quality Control Sample ID

10-06-0039-1

PDS / PDSD  Batch
Number

100602S01

Matrix

Solid

Date Analyzed

06/02/10

Date
Prepared

06/02/10

Instrument

ICP/MS 03

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-12 5Cadmium 2302 310 75-125
0-15 QChromium 14X 4X 75-125
0-15 5Nickel 3257 245 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-06-0089

Method: EPA 7199

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

Not ListedProject

EPA 3060APreparation:

06/02/10Date Received:

Quality Control Sample ID

KF.EXC2.UNSP.SO

MS/MSD Batch
Number

100602S02

Matrix

Solid

Date
Analyzed

06/02/10

Date
Prepared

06/02/10

Instrument

IC 12

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-25 3Chromium, Hexavalent 260 75-12556

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 10 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-06-0089

Method: EPA 7199

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

Not ListedProject

T22.11.5.AII DIPreparation:

06/02/10Date Received:

Quality Control Sample ID

KF.EXC2.UNSP.SO

MS/MSD Batch
Number

100604S01

Matrix

Solid

Date
Analyzed

06/04/10

Date
Prepared

06/04/10

Instrument

IC 12

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-25Chromium, Hexavalent 1101 70-130102

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 11 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-06-0089

Not Listed

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

06/02/10

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP/MS 03 100604LA1

Date
Prepared

Date
Analyzed

06/04/10

Quality Control Sample ID

096-06-003-2,829

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

105 0-20180-120Cadmium 105
99 0-20080-120Chromium 99
103 0-20380-120Nickel 105

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 12 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-06-0089

Not Listed

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

06/02/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP/MS 03 100602L01

Date
Prepared

Date
Analyzed

06/02/10

Quality Control Sample ID

096-10-002-1,750

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

104 0-20080-120Cadmium 104
96 0-20180-120Chromium 96
103 0-20280-120Nickel 101

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 13 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7199

10-06-0089

Not Listed

EPA 3060APreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

06/02/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

IC 12 100602L02

Date
Prepared

Date
Analyzed

06/02/10

Quality Control Sample ID

099-05-125-2,139

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

103 0-20180-120Chromium, Hexavalent 103

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 14 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7199

10-06-0089

Not Listed

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

06/04/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

IC 12 100604L01

Date
Prepared

Date
Analyzed

06/04/10

Quality Control Sample ID

099-14-017-5

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

99 0-20280-120Chromium, Hexavalent 101

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 15 of 19



alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

10-06-0089

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution,
therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of
control due to matrix interference.  The associated LCS and/or LCSD was in control and,
therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Analyte was present in the associated method blank.B
Concentration exceeds the calibration range.E
Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS Recovery Percentage is within LCS ME Control Limit range.ME
Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis,
not corrected for % moisture.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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aboratories, Inc.
nvironmental

alscience

August 09, 2010

Cindy Schreier
Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

PSubject: Calscience Work Order No.:
Client Reference:

10-07-1946
KF-EXC2

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples included
in this report were received 7/27/2010 and analyzed in accordance with the attached
chain-of-custody.

Calscience Environmental Laboratories certifies that the test results provided in this
report meet all NELAC requirements for parameters for which accreditation is required
or available.  Any exceptions to NELAC requirements are noted in the case narrative.
The original report of subcontracted analysis, if any, is provided herein, and follows the
standard Calscience data package. The results in this analytical report are limited to the
samples tested and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact the
undersigned.

Sincerely,

Robert Stearns

Calscience Environmental
     Laboratories, Inc.

Project Manager

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830

Supplemental Report 1

Additional requested analyses have been added to the
original report.
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 07/27/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-07-1946Work Order No:
El Dorado Hills, CA 95762-5702 EPA 3050BPreparation:

EPA 6020Method:

Project: KF-EXC2 Page 1 of 1
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/kgUnits:

Instrument

07/26/10 07/30/10 07/30/10Solid 100730L03KF.EXC2.UNSPK.SO 10-07-1946-1-A ICP/MS 04
20:5716:00

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 1.00 1  1.10 Chromium 2.00 144.0
Cadmium 1.00 1ND Nickel 1.00 1  4.25

07/30/10N/A 07/30/10Solid 100730L03Method Blank 096-10-002-1,793 ICP/MS 04
21:04

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 1.00 1ND Chromium 2.00 1ND
Cadmium 1.00 1ND Nickel 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 07/27/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-07-1946Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: KF-EXC2 Page 1 of 1
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

07/26/10 07/30/10 08/04/10Solid 100802L02KF.EXC2.UNSPK.SO 10-07-1946-1-A ICP/MS 04
00:4616:00

-The analysis was performed on an STLC extract of the sample.Comment(s):
Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 12.90
Cadmium 0.0100 1ND Nickel 0.0100 1ND

07/29/10N/A 08/03/10Aqueous 100802L02Method Blank 099-14-037-2 ICP/MS 04
23:29

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 1ND
Cadmium 0.0100 1ND Nickel 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 07/27/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-07-1946Work Order No:
El Dorado Hills, CA 95762-5702

Project: KF-EXC2 Page 1 of 1

Lab Sample Number Date
CollectedClient Sample Number Matrix

07/26/10 SolidKF.EXC2.UNSPK.SO 10-07-1946-1

(39) Sample extracted outside recommended holding time.Comment(s):
(94) The analysis was performed on an STLC extract of the sample.

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

07/27/10mg/kgChromium, Hexavalent 0.40 1025 EPA 719907/27/10
08/01/10mg/LChromium, Hexavalent (39) (94) 0.10 102.2 EPA 719908/02/10

N/A SolidMethod Blank

QualParameter Result RL UnitsDF MethodDate AnalyzedDate Prepared

07/27/10mg/kgChromium, Hexavalent 0.040 1ND EPA 719907/27/10
07/31/10mg/LChromium, Hexavalent 0.0010 0.1ND EPA 719908/02/10

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-07-1946

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC2Project

EPA 3050BPreparation:

07/27/10Date Received:

Quality Control Sample ID

10-07-2222-1

MS/MSD Batch
Number

100730S03

Matrix

Solid

Date
Analyzed

07/30/10

Date
Prepared

07/30/10

Instrument

ICP/MS 04

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-13Arsenic 097 72-13297
0-12Cadmium 1101 85-121100
0-15Chromium 195 20-18297
0-15Nickel 096 46-15497

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 5 of 16



alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-07-1946

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC2Project:

EPA 3050BPreparation:

07/27/10Date Received

Quality Control Sample ID

10-07-2222-1

PDS / PDSD  Batch
Number

100730S03

Matrix

Solid

Date Analyzed

07/30/10

Date
Prepared

07/30/10

Instrument

ICP/MS 04

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-13Arsenic 1102 103 75-125
0-12Cadmium 292 93 75-125
0-15Chromium 289 91 75-125
0-15Nickel 490 94 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 6 of 16



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-07-1946

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC2Project

T22.11.5.AII DIPreparation:

07/27/10Date Received:

Quality Control Sample ID

KF.EXC2.UNSPK.SO

MS/MSD Batch
Number

100802S02

Matrix

Solid

Date
Analyzed

08/04/10

Date
Prepared

07/30/10

Instrument

ICP/MS 04

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-11Arsenic 190 73-12789
0-8Cadmium 290 84-11487
0-11Chromium 289 73-13392
0-10Nickel 198 68-12299

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 7 of 16



alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-07-1946

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC2Project:

T22.11.5.AII DIPreparation:

07/27/10Date Received

Quality Control Sample ID

KF.EXC2.UNSPK.SO

PDS / PDSD  Batch
Number

100802S02

Matrix

Solid

Date Analyzed

08/04/10

Date
Prepared

07/30/10

Instrument

ICP/MS 04

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-11Arsenic 190 89 75-125
0-8Cadmium 388 91 75-125
0-11Chromium 094 94 75-125
0-10Nickel 0100 100 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 8 of 16



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-07-19465070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC2Project:

Date Received: N/A

Matrix: Aqueous or Solid

MS%
REC

MSD %
REC

%REC
CL

RPD
CL

Date
Analyzed

Quality Control
Sample ID

Date
ExtractedParameter RPD QualifiersMethod

0-25Chromium, Hexavalent 091 75-1259107/27/10EPA 7199 KF.EXC2.UNSPK.SO 7/27/10
0-25Chromium, Hexavalent 0102 70-13010208/02/10EPA 7199 KF.EXC2.UNSPK.SO 8/1/10

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 9 of 16



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-07-1946

KF-EXC2

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

07/30/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP/MS 04 100730L03

Date
Prepared

Date
Analyzed

07/30/10

Quality Control Sample ID

096-10-002-1,793

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

98 0-20280-120Arsenic 96
95 0-20180-120Cadmium 96
96 0-20180-120Chromium 95
99 0-20080-120Nickel 100

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 10 of 16



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-07-1946

KF-EXC2

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

07/29/10

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP/MS 04 100802L02

Date
Prepared

Date
Analyzed

08/04/10

Quality Control Sample ID

099-14-037-2

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

116 0-20080-120Arsenic 116
100 0-20180-120Cadmium 99
111 0-20180-120Chromium 110
109 0-20080-120Nickel 109

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 11 of 16



nvironmental
aboratories, Inc.

alscience

Quality Control - LCS/LCS Duplicate

10-07-1946

KF-EXC2

Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

Matrix: Aqueous or Solid

Parameter Qual
RPD
 CLRPD

%REC
 CL

LCS %
REC

LCSD %
REC

Date
Extracted

Date
AnalyzedMethod

Quality Control
 Sample ID

99 0-20180-120Chromium, Hexavalent 98EPA 7199 07/27/1007/27/10099-05-125-2,152
100 0-20180-120Chromium, Hexavalent 99EPA 7199 08/02/1007/31/10099-14-017-6

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

10-07-1946

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution,
therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of
control due to matrix interference.  The associated LCS and/or LCSD was in control and,
therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Analyte was present in the associated method blank.B
Concentration exceeds the calibration range.E
Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS Recovery Percentage is within LCS ME Control Limit range.ME
Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis,
not corrected for % moisture.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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aboratories, Inc.
nvironmental

alscience

August 16, 2010

Cindy Schreier
Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

PSubject: Calscience Work Order No.:
Client Reference:

10-08-0323
KF-EXC #2

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples included
in this report were received 8/5/2010 and analyzed in accordance with the attached
chain-of-custody.

Calscience Environmental Laboratories certifies that the test results provided in this
report meet all NELAC requirements for parameters for which accreditation is required
or available.  Any exceptions to NELAC requirements are noted in the case narrative.
The original report of subcontracted analysis, if any, is provided herein, and follows the
standard Calscience data package. The results in this analytical report are limited to the
samples tested and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact the
undersigned.

Sincerely,

Robert Stearns

Calscience Environmental
     Laboratories, Inc.

Project Manager

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830

Page 1 of 19Page 1 of 19



Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 08/05/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-0323Work Order No:
El Dorado Hills, CA 95762-5702 EPA 3060APreparation:

EPA 7199Method:

Project: KF-EXC #2 Page 1 of 1

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

08/04/10 08/05/10 08/05/10Solid 100805L02KP-EX2-unsp 1+2 10-08-0323-1-A IC 12
19:0316:15

QualParameter Result RL UnitsDF

mg/kgChromium, Hexavalent 0.80 2041

08/04/10 08/05/10 08/05/10Solid 100805L02KP-EX2-spike 1+2 10-08-0323-2-A IC 12
19:1016:15

QualParameter Result RL UnitsDF

mg/kgChromium, Hexavalent 200 50008800

08/05/10N/A 08/05/10Solid 100805L02Method Blank 099-05-125-2,156 IC 12
15:02

QualParameter Result RL UnitsDF

mg/kgChromium, Hexavalent 0.040 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

Page 2 of 19Page 2 of 19



Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 08/05/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-0323Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 7199Method:

Project: KF-EXC #2 Page 1 of 1

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

08/04/10 08/05/10 08/07/10Solid 100807L01KP-EX2-unsp 1+2 10-08-0323-1-A IC 12
14:1316:15

-This sample was prepared with deionized water as the extractant.Comment(s):
QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.050 52.2

08/04/10 08/05/10 08/07/10Solid 100807L01KP-EX2-spike 1+2 10-08-0323-2-A IC 12
14:0616:15

-This sample was prepared with deionized water as the extractant.Comment(s):
QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000900

08/05/10N/A 08/07/10Solid 100807L01Method Blank 099-14-017-7 IC 12
10:36

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

Page 3 of 19Page 3 of 19



Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 08/05/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-0323Work Order No:
El Dorado Hills, CA 95762-5702 EPA 3050BPreparation:

EPA 6020Method:

Project: KF-EXC #2 Page 1 of 1
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/kgUnits:

Instrument

08/04/10 08/05/10 08/05/10Solid 100805L01KP-EX2-unsp 1+2 10-08-0323-1-A ICP/MS 04
19:2816:15

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 1.00 11.07 Chromium 2.00 1114
Cadmium 1.00 1ND Nickel 1.00 14.53

08/04/10 08/05/10 08/05/10Solid 100805L01KP-EX2-spike 1+2 10-08-0323-2-A ICP/MS 04
19:3116:15

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 1.00 11.02 Chromium 2.00 18230
Cadmium 1.00 1214 Nickel 1.00 12100

08/05/10N/A 08/05/10Solid 100805L01Method Blank 096-10-002-1,797 ICP/MS 04
18:51

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 1.00 1ND Chromium 2.00 1ND
Cadmium 1.00 1ND Nickel 1.00 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 08/05/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-0323Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: KF-EXC #2 Page 1 of 1
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

08/04/10 08/05/10 08/10/10Solid 100809LA4KP-EX2-unsp 1+2 10-08-0323-1-A ICP/MS 04
17:2216:15

-This sample was prepared with deionized water as the extractant.Comment(s):
Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 12.68
Cadmium 0.0100 1ND Nickel 0.0100 10.0123

08/04/10 08/05/10 08/10/10Solid 100809LA4KP-EX2-spike 1+2 10-08-0323-2-A ICP/MS 04
17:2816:15

-This sample was prepared with deionized water as the extractant.Comment(s):
Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100870
Cadmium 0.0100 117.3 Nickel 1.00 100234

08/05/10N/A 08/10/10Aqueous 100809LA4Method Blank 099-14-037-3 ICP/MS 04
16:23

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 1ND
Cadmium 0.0100 1ND Nickel 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-08-0323

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC #2Project

EPA 3050BPreparation:

08/05/10Date Received:

Quality Control Sample ID

KP-EX2-unsp 1+2

MS/MSD Batch
Number

100805S01

Matrix

Solid

Date
Analyzed

08/05/10

Date
Prepared

08/05/10

Instrument

ICP/MS 04

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-13Arsenic 682 72-13287
0-12Cadmium 199 85-121100
0-15 QChromium 4X4X 20-1824X
0-15Nickel 681 46-15488

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 6 of 19Page 6 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-08-0323

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC #2Project:

EPA 3050BPreparation:

08/05/10Date Received

Quality Control Sample ID

KP-EX2-unsp 1+2

PDS / PDSD  Batch
Number

100805S01

Matrix

Solid

Date Analyzed

08/05/10

Date
Prepared

08/05/10

Instrument

ICP/MS 04

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-13Arsenic 282 80 75-125
0-12Cadmium 295 97 75-125
0-15 QChromium 4X4X 4X 75-125
0-15Nickel 686 80 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 7 of 19Page 7 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-08-0323

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC #2Project

T22.11.5.AII DIPreparation:

08/05/10Date Received:

Quality Control Sample ID

KP-EX2-unsp 1+2

MS/MSD Batch
Number

100809SA4

Matrix

Solid

Date
Analyzed

08/10/10

Date
Prepared

08/05/10

Instrument

ICP/MS 04

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-11Arsenic 288 73-12790
0-8Cadmium 286 84-11485
0-11Chromium 392 73-13388
0-10Nickel 195 68-12294

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 8 of 19Page 8 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-08-0323

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC #2Project:

T22.11.5.AII DIPreparation:

08/05/10Date Received

Quality Control Sample ID

KP-EX2-unsp 1+2

PDS / PDSD  Batch
Number

100809SA4

Matrix

Solid

Date Analyzed

08/10/10

Date
Prepared

08/05/10

Instrument

ICP/MS 04

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-11Arsenic 297 99 75-125
0-8Cadmium 389 92 75-125
0-11Chromium 193 95 75-125
0-10Nickel 398 100 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-08-0323

Method: EPA 7199

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC #2Project

EPA 3060APreparation:

08/05/10Date Received:

Quality Control Sample ID

KP-EX2-unsp 1+2

MS/MSD Batch
Number

10080323S0

Matrix

Solid

Date
Analyzed

08/05/10

Date
Prepared

08/05/10

Instrument

IC 12

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-25Chromium, Hexavalent 078 75-12578

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-08-0323

Method: EPA 7199

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EXC #2Project

T22.11.5.AII DIPreparation:

08/05/10Date Received:

Quality Control Sample ID

KP-EX2-unsp 1+2

MS/MSD Batch
Number

100807S01

Matrix

Solid

Date
Analyzed

08/07/10

Date
Prepared

01/01/95

Instrument

IC 12

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-25Chromium, Hexavalent 0107 70-130107

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-08-0323

KF-EXC #2

EPA 3050BPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

08/05/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

ICP/MS 04 100805L01

Date
Prepared

Date
Analyzed

08/05/10

Quality Control Sample ID

096-10-002-1,797

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

95 0-20280-120Arsenic 97
97 0-20180-120Cadmium 97
93 0-20380-120Chromium 96
100 0-20180-120Nickel 98

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-08-0323

KF-EXC #2

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

08/05/10

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP/MS 04 100809LA4

Date
Prepared

Date
Analyzed

08/10/10

Quality Control Sample ID

099-14-037-3

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

89 0-20080-120Arsenic 89
85 0-20080-120Cadmium 84
94 0-20180-120Chromium 95
96 0-20180-120Nickel 97

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7199

10-08-0323

KF-EXC #2

EPA 3060APreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

08/05/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

IC 12 100805L02

Date
Prepared

Date
Analyzed

08/05/10

Quality Control Sample ID

099-05-125-2,156

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

98 0-20180-120Chromium, Hexavalent 99

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7199

10-08-0323

KF-EXC #2

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

08/05/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

IC 12 100807L01

Date
Prepared

Date
Analyzed

08/07/10

Quality Control Sample ID

099-14-017-7

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

104 0-20080-120Chromium, Hexavalent 104

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Glossary of Terms and Qualifiers

Work Order Number:

Qualifier Definition

10-08-0323

See applicable analysis comment.*
Less than the indicated value.<
Greater than the indicated value.>
Surrogate compound recovery was out of control due to a required sample dilution,
therefore, the sample data was reported without further clarification.

1

Surrogate compound recovery was out of control due to matrix interference.  The
associated method blank surrogate spike compound was in control and, therefore, the
sample data was reported without further clarification.

2

Recovery of the Matrix Spike (MS) or Matrix Spike Duplicate (MSD) compound was out of
control due to matrix interference.  The associated LCS and/or LCSD was in control and,
therefore, the sample data was reported without further clarification.

3

The MS/MSD RPD was out of control due to matrix interference.  The LCS/LCSD RPD
was in control and, therefore, the sample data was reported without further clarification.

4

The PDS/PDSD or PES/PESD associated with this batch of samples was out of control
due to a matrix interference effect. The associated batch LCS/LCSD was in control and,
hence, the associated sample data was reported without further clarification.

5

Analyte was present in the associated method blank.B
Concentration exceeds the calibration range.E
Analyte was detected at a concentration below the reporting limit and above the
laboratory method detection limit.  Reported value is estimated.

J

LCS Recovery Percentage is within LCS ME Control Limit range.ME
Parameter not detected at the indicated reporting limit.ND
Spike recovery and RPD control limits do not apply resulting from the parameter
concentration in the sample exceeding the spike concentration by a factor of four or
greater.

Q

% Recovery and/or RPD out-of-range.X
Analyte presence was not confirmed by second column or GC/MS analysis.Z
Solid - Unless otherwise indicated, solid sample data is reported on a wet weight basis,
not corrected for % moisture.

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .
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aboratories, Inc.
nvironmental

alscience

August 27, 2010

Cindy Schreier
Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

PSubject: Calscience Work Order No.:
Client Reference:

10-08-1512
KF-EX Pt2

Dear Client:

Enclosed is an analytical report for the above-referenced project.  The samples included
in this report were received 8/19/2010 and analyzed in accordance with the attached
chain-of-custody.

Calscience Environmental Laboratories certifies that the test results provided in this
report meet all NELAC requirements for parameters for which accreditation is required
or available.  Any exceptions to NELAC requirements are noted in the case narrative.
The original report of subcontracted analysis, if any, is provided herein, and follows the
standard Calscience data package. The results in this analytical report are limited to the
samples tested and any reproduction thereof must be made in its entirety.

If you have any questions regarding this report, please do not hesitate to contact the
undersigned.

Sincerely,

Robert Stearns

Calscience Environmental
     Laboratories, Inc.

Project Manager

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501..
...CA-ELAP ID: 1230 NELAP ID: 03220CA CSDLAC ID: 10109 SCAQMD ID: 93LA0830
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 7199Method:

Project: KF-EX Pt2 Page 1 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-1-A 10-08-1512-1-A IC 11
19:4300:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000530

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-1-B 10-08-1512-2-A IC 11
19:5000:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000550

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-2-A 10-08-1512-3-A IC 11
19:5800:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000420

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-2-B 10-08-1512-4-A IC 11
20:0500:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000470

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-3-A 10-08-1512-5-A IC 11
20:1300:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000490

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 7199Method:

Project: KF-EX Pt2 Page 2 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-3-B 10-08-1512-6-A IC 11
20:2000:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000380

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-4-A 10-08-1512-7-A IC 11
20:2800:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000290

08/17/10 08/23/10 08/25/10Solid 100825L01MTZ-4-B 10-08-1512-8-A IC 11
20:3500:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 10 1000280

08/17/10 08/23/10 08/25/10Solid 100825L01Con 20m-1-A 10-08-1512-9-A IC 11
17:5800:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 10.25

08/17/10 08/23/10 08/25/10Solid 100825L01Con 20m-1-B 10-08-1512-10-A IC 11
18:0500:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 10.24

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 7199Method:

Project: KF-EX Pt2 Page 3 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-1-A 10-08-1512-11-A IC 11
18:1300:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.050 51.4

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-1-B 10-08-1512-12-A IC 11
18:2000:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.050 51.3

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-2-A 10-08-1512-13-A IC 11
18:2800:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.020 20.61

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-2-B 10-08-1512-14-A IC 11
18:3500:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.020 20.58

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-3-A 10-08-1512-15-A IC 11
18:4300:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.020 20.55

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Reportnvironmental
aboratories, Inc.

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 7199Method:

Project: KF-EX Pt2 Page 4 of 4

Lab Sample
Number

Date/Time
Collected QC Batch IDClient Sample Number Matrix

Date
Prepared

Date/Time
AnalyzedInstrument

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-3-B 10-08-1512-16-A IC 11
18:5000:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 10.46

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-4-A 10-08-1512-17-A IC 11
18:5800:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 10.28

08/17/10 08/23/10 08/25/10Solid 100825L01Buf-4-B 10-08-1512-18-A IC 11
19:0500:00

-This sample was prepared with deionized water as the extractant.
-The analysis was performed on an STLC extract of the sample.

Comment(s):

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 10.36

08/23/10N/A 08/25/10Solid 100825L01Method Blank 099-14-017-8 IC 11
15:38

QualParameter Result RL UnitsDF

mg/LChromium, Hexavalent 0.010 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: KF-EX Pt2 Page 1 of 4
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

08/17/10 08/23/10 08/25/10Solid 100825L04MTZ-1-A 10-08-1512-1-A ICP/MS 04
23:5400:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100772
Cadmium 0.0100 1ND Nickel 0.0100 10.0410

08/17/10 08/23/10 08/25/10Solid 100825L04MTZ-1-B 10-08-1512-2-A ICP/MS 04
23:5700:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100647
Cadmium 0.0100 1ND Nickel 0.0100 10.0519

08/17/10 08/23/10 08/26/10Solid 100825L04MTZ-2-A 10-08-1512-3-A ICP/MS 04
00:0000:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100589
Cadmium 0.0100 1ND Nickel 0.0100 10.104

08/17/10 08/23/10 08/26/10Solid 100825L04MTZ-2-B 10-08-1512-4-A ICP/MS 04
00:0300:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100508
Cadmium 0.0100 1ND Nickel 0.0100 10.0425

08/17/10 08/23/10 08/26/10Solid 100825L04MTZ-3-A 10-08-1512-5-A ICP/MS 04
00:0600:00

-This sample was prepared with deionized water as the extractant.Comment(s):

-The analysis was performed on an STLC extract of the sample.
Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100469
Cadmium 0.0100 1ND Nickel 0.0100 10.0889

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: KF-EX Pt2 Page 2 of 4
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

08/17/10 08/23/10 08/26/10Solid 100825L04MTZ-3-B 10-08-1512-6-A ICP/MS 04
00:0900:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100510
Cadmium 0.0100 1ND Nickel 0.0100 10.0568

08/17/10 08/23/10 08/26/10Solid 100825L04MTZ-4-A 10-08-1512-7-A ICP/MS 04
00:1200:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100378
Cadmium 0.0100 1ND Nickel 0.0100 10.0529

08/17/10 08/23/10 08/26/10Solid 100825L04MTZ-4-B 10-08-1512-8-A ICP/MS 04
00:2400:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 1.00 100321
Cadmium 0.0100 1ND Nickel 0.0100 10.0463

08/17/10 08/23/10 08/25/10Solid 100825L04Con 20m-1-A 10-08-1512-9-A ICP/MS 04
21:2600:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.345
Cadmium 0.0100 1ND Nickel 0.0100 10.0284

08/17/10 08/23/10 08/25/10Solid 100825L04Con 20m-1-B 10-08-1512-10-A ICP/MS 04
21:2900:00

-This sample was prepared with deionized water as the extractant.Comment(s):

-The analysis was performed on an STLC extract of the sample.
Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.309
Cadmium 0.0100 1ND Nickel 0.0100 10.0289

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: KF-EX Pt2 Page 3 of 4
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-1-A 10-08-1512-11-A ICP/MS 04
22:0300:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 11.71
Cadmium 0.0100 1ND Nickel 0.0100 10.0100

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-1-B 10-08-1512-12-A ICP/MS 04
22:0600:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 11.49
Cadmium 0.0100 1ND Nickel 0.0100 1ND

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-2-A 10-08-1512-13-A ICP/MS 04
22:0900:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.675
Cadmium 0.0100 1ND Nickel 0.0100 10.0207

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-2-B 10-08-1512-14-A ICP/MS 04
22:1200:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.688
Cadmium 0.0100 1ND Nickel 0.0100 10.0239

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-3-A 10-08-1512-15-A ICP/MS 04
22:1500:00

-This sample was prepared with deionized water as the extractant.Comment(s):

-The analysis was performed on an STLC extract of the sample.
Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.716
Cadmium 0.0100 1ND Nickel 0.0100 10.0291

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers
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Analytical Report

aboratories, Inc.
nvironmental

alscience

Prima Environmental 08/19/10Date Received:
5070 Robert J. Mathews Pkwy, Ste. 300 10-08-1512Work Order No:
El Dorado Hills, CA 95762-5702 T22.11.5.AII DIPreparation:

EPA 6020Method:

Project: KF-EX Pt2 Page 4 of 4
Lab Sample

Number
Date /Time
Collected

Date
Prepared

Date/Time
Analyzed QC Batch IDClient Sample Number Matrix

mg/LUnits:

Instrument

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-3-B 10-08-1512-16-A ICP/MS 04
22:1800:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.562
Cadmium 0.0100 1ND Nickel 0.0100 10.0278

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-4-A 10-08-1512-17-A ICP/MS 04
22:2100:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.363
Cadmium 0.0100 1ND Nickel 0.0100 10.0328

08/17/10 08/23/10 08/25/10Solid 100825L04Buf-4-B 10-08-1512-18-A ICP/MS 04
22:2500:00

-This sample was prepared with deionized water as the extractant.Comment(s):
-The analysis was performed on an STLC extract of the sample.

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 10.496
Cadmium 0.0100 1ND Nickel 0.0100 10.0346

08/23/10N/A 08/25/10Aqueous 100825L04Method Blank 099-14-037-4 ICP/MS 04
21:14

Parameter Result RL DF Qual Parameter Result RL DF Qual
Arsenic 0.0100 1ND Chromium 0.0100 1ND
Cadmium 0.0100 1ND Nickel 0.0100 1ND

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501

RL - Reporting Limit , DF - Dilution Factor , Qual - Qualifiers

..
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alscience

nvironmental
aboratories, Inc.

Quality Control - Spike/Spike Duplicate

Work Order No: 10-08-1512

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EX Pt2Project

T22.11.5.AII DIPreparation:

08/19/10Date Received:

Quality Control Sample ID

MTZ-1-A

MS/MSD Batch
Number

100825S04

Matrix

Solid

Date
Analyzed

08/25/10

Date
Prepared

08/23/10

Instrument

ICP/MS 04

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-11Arsenic 11100 73-127112
0-8Cadmium 7100 84-114107
0-11 QChromium 4X4X 73-1334X
0-10Nickel 796 68-122103

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - PDS / PDSD

Work Order No: 10-08-1512

Method: EPA 6020

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EX Pt2Project:

T22.11.5.AII DIPreparation:

08/19/10Date Received

Quality Control Sample ID

MTZ-1-A

PDS / PDSD  Batch
Number

100825S04

Matrix

Solid

Date Analyzed

08/25/10

Date
Prepared

08/23/10

Instrument

ICP/MS 04

%REC CL QualifiersRPD CLParameter RPDPDS %REC PDSD %REC

0-11Arsenic 4107 103 75-125
0-8Cadmium 4104 100 75-125
0-11Chromium 287 81 75-125
0-10Nickel 3103 99 75-125

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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Quality Control - Spike/Spike Duplicate

Work Order No: 10-08-1512

Method: EPA 7199

5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

Prima Environmental

KF-EX Pt2Project

T22.11.5.AII DIPreparation:

08/19/10Date Received:

Quality Control Sample ID

Con 20m-1-A

MS/MSD Batch
Number

100825S01

Matrix

Solid

Date
Analyzed

08/25/10

Date
Prepared

08/23/10

Instrument

IC 11

MS %REC MSD %REC %REC CL QualifiersRPD CLParameter RPD

0-25Chromium, Hexavalent 295 70-13093

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 6020

10-08-1512

KF-EX Pt2

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

08/23/10

Matrix

Aqueous

Instrument
LCS/LCSD Batch

Number

ICP/MS 04 100825L04

Date
Prepared

Date
Analyzed

08/25/10

Quality Control Sample ID

099-14-037-4

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

89 0-20180-120Arsenic 88
89 0-20280-120Cadmium 88
95 0-20280-120Chromium 97
100 0-20480-120Nickel 105

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit

Page 14 of 19



alscience

nvironmental
aboratories, Inc.

Quality Control - LCS/LCS Duplicate

Method: EPA 7199

10-08-1512

KF-EX Pt2

T22.11.5.AII DIPreparation:
Work Order No:
Date Received:

Project:

Prima Environmental
5070 Robert J. Mathews Pkwy, Ste. 300
El Dorado Hills, CA 95762-5702

N/A

08/23/10

Matrix

Solid

Instrument
LCS/LCSD Batch

Number

IC 11 100825L01

Date
Prepared

Date
Analyzed

08/25/10

Quality Control Sample ID

099-14-017-8

Parameter QualifiersRPD CLRPD%REC CLLCS %REC LCSD %REC

99 0-20180-120Chromium, Hexavalent 99

 7440 Lincoln Way, Garden Grove, CA 92841-1427       TEL:(714) 895-5494        FAX: (714) 894-7501. .

RPD - Relative Percent Difference , CL - Control Limit
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GEOTECHNICAL AND MA ERI.A.LS TESTING SER.ViCES 

August24,2010 

PRIMA Environmental 
Attn: Cindy Schreier 
5070 Robert J Mathews #300 
EI Dorado Hills, CA 95762 

STL Project No: 10-243 
Subject: KF-EX PT2 
Project No: 
Invoice No: 8010 

LABORATORY TEST RESULTS 

Dear Ms. Schreier: 

As requested, Sierra Testing Laboratories, Inc. performed laboratory testing on eighteen 
samples of material from the subject site. The samples were identified as: 

1. MTZ-1S-A	 10. BUF-1S-B 
2. MTZ-1S-8	 11. 8UF-2S-A 
3. MTZ-2S-A	 12. 8UF-2S-B 
4. MTZ-2S-B	 13. BUF-3S-A 
5. MTZ-3S-A	 14. BUF-3S-B 
6. MTZ-3S-8	 15. BUF-4S-A 
7. MTZ-4S-A	 16. 8UF-4S-B 
8. MTZ-4S-B	 17. CON-20M-1S-A 
9. BUF-1S-A	 18. CON-20M-1 S-8 

Our laboratory received the samples on August 18, 2010. The tests performed on the submitted 
samples were as follows: 

1.	 Control Low Strength Material (CLSM) Unconfined Compression without Stress 
Strain Curve or Photo (D4832 or D1633) 

The results of the above referenced testing are presented on the attached figure(s). 

We appreciate the opportunity to be of service to you on this project and look forward to providing 
additional service, as needed, in the future. 

Should you have any questions or require additional information, please contact our office at your 
convenience. 

Respectfully submitted, 

Michael Nagel 
Project Manager 

Enclosuresljm 

5040 Robert J. Malhews, Suite 1, EJ Dorado Hilfs, CA 95762 (916) 939-3460 Fax (916) 939-3507 
www.sierratestinglaboratories.com 







































APPENDIX M

BENCH-SCALE TESTING REPORT



March 18,2010 

Mr. John Donatucci, PE
 
Kleinfelder
 
2 Ada, Suite 250
 
Irvine, CA 92618
 

RE: Final Report of Findings, Bench testing to Evaluate Metals Stabilization in
 
Soil, Former Excello Plating Company, Inc.
 

Dear John: 

Enclosed is the final report of findings "Evaluation of Calcium Polysulfide and Ferrous 
Iron for the Reduction of Hexavalent Chromium in Soil" that describes bench testing 
conducted on soil from the former Excello Plating Company site in Los Angeles, 
California. If you have any questions, please call me at 916-939-7300. Thank you for 
the opportunity to be of service. 

Sincerely,
 
PRIMA Environmental, Inc.
 

~M:~
Cindy,. Seier, Ph.D. 
Presiden 

5070 Robert J. Mllthews Parkway, Suite 300. EI Dorado Hills. CA 95762 
Ph (916) 939-7300. Fax (916) 939-7398 

www.primaenvironmeotal.com 



Report of Findings 

EVALUATION OF CALCIUM POLYSULFIDE AND FERROUS IRON FOR THE
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Former Excello Plating Company
 
Los Angeles, California
 

March 18,2010
 

Submitted to
 

Mr. John Donatucci, PE
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2 Ada, Suite 250
 
Irvine, CA 9261
 

Submitted by
 
PRIMA Environmental, Inc.
 

5070 Robert J Mathews Parkway, Suite 300
 
El Dorado Hills, CA 95762
 

eier, Ph.D., President 



 
 

EXECUTIVE SUMMARY 
 
Bench-scale treatability testing was conducted on soil (KLF1-Bulk-1) from the former 
Excello Plating Company, located in Los Angeles, California.  Soil was spiked with 
Cr(VI), cadmium, and nickel to better represent more highly impacted soils. Testing 
evaluated the ability of two reducing agents—with and without a stabilizing agent—to 
convert hexavalent chromium [Cr(VI)] in soil to trivalent chromium and assessed the 
potential effect of treatment on groundwater.  The reducing agents evaluated were 
calcium polysulfide (CaSx) and ferrous iron [Fe(II)].  Cement was used as a stabilizing 
agent to partially solidify treated soil.       
 
Both CaSx and Fe(II) effectively reduced Cr(VI) concentrations in soil in laboratory 
tests.  All of the CaSx treatments and the Fe(II) low dose with cement treatment also 
dramatically reduced the leachability of metals, indicating that these can potentially be 
used to treat Cr(VI) in situ without adversely affecting groundwater, if properly applied.  
Several factors may influence the implementability and/or practicality of these 
treatments, including the reactivity and odor of CaSx, the need to add Fe(II) in an acidic 
solution and follow treatment with cement.   
 
Based on the results of this study, PRIMA recommends that both CaSx and Fe(II) be 
considered for in situ remediation of Cr(VI) at this site.  The engineering considerations 
discussed in Section 4.0 should be carefully evaluated by Kleinfelder during this process.  
Additional testing may be needed to assess the reactivity of CaSx versus Cr(VI) 
concentration, determine how far excess water may percolate (if the distance above the 
water table is sufficiently great, water from the treatment zone may not reach 
groundwater), and assess the ability of untreated soil below the treatment zone to sorb 
any leached metals.  
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1.0  INTRODUCTION 
 
Bench-scale treatability testing was conducted on soil (KLF1-Bulk-1) from the former 
Excello Plating Company, located in Los Angeles, California.  Soil was spiked with 
Cr(VI), cadmium, and nickel to better represent more highly impacted soils. Testing 
evaluated the ability of two reducing agents—with and without a stabilizing agent—to 
convert hexavalent chromium [Cr(VI)] in soil to trivalent chromium and assess the 
potential effect of treatment on groundwater.  The reducing agents evaluated were 
calcium polysulfide (CaSx) and ferrous iron [Fe(II)].  Cement was used as a stabilizing 
agent to partially solidify treated soil.       
 
1.1  Background 
 
Both CaSx and Fe(II) are known to convert Cr(VI) to trivalent chromium [Cr(III)], but 
Fe(II) may have fewer impacts to groundwater or the treatment system associated with 
the extraction well.  Specifically, CaSx reacts more slowly than Fe(II), it has a strong 
sulfide odor, and may potentially release arsenic if strong reducing conditions are 
established.  In addition, CaSx oxidizes in air to form sulfur, which in PRIMA’s 
experience sticks to glassware and can be difficult to remove, potentially causing a 
problem if unreacted CaSx reached the extraction well.  In contrast, Fe(II) reacts rapidly 
with Cr(VI)  and iron, should it reach the extraction well, is well-understood and any 
affects on the groundwater treatment system could be predicted.  Fe(II) is usually added 
as ferrous sulfate, so sulfate concentrations might temporarily increase with the use of 
Fe(II).  Finally, because the Fe(II) must be added as an acidic solution, other metals could 
potentially be released from soil.  However, most soils have some ability to buffer against 
changes in pH, so it is likely that any such metals would precipitate once the pH of the 
soil returned to pre-treatment levels.        
 
Calcium polysulfide. Calcium polysulfide is an orange liquid with a strong sulfide smell 
and a pH of about 10.  The concentrated liquid is ~29% CaSx with an average density of 
1.24 g/cm3 that contains approximately 360 g CaSx/L solution.   According to the 
manufacturer, Tessenderlo Kerley (Tucson, Arizona), the average number of sulfur atoms 
per molecule (x) is about 4, so that CaSx is approximately CaS4.  Upon exposure to air or 
at lower pH, CaSx oxidizes to generate colloidal sulfur and sulfate. 
 
The ability of CaSx to convert Cr(VI) to trivalent chromium is well-established.  
Equation 1 shows the theoretical chemical reaction for this transformation.  Based on this 
equation, 4.8 g CaS4 (13 mL of 29% CaSx soln.) is needed to transform 1 g of Cr(VI).  
However, CaSx may react with non-target compounds in soil and groundwater as well as 
the target Cr(VI). 
 
Equation 1: 
 

3CaS4 + 2Cr6+ → 3Ca2+ + 12S0 + 2Cr3+    
                              calcium polysulfide 
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Ferrous iron.  Ferrous iron is well known to rapidly reduce Cr(VI) to Cr(III).  The 
resulting iron-chromium hydroxides are generally less soluble than chromium hydroxide.  
Ferrous iron must be added as an acidified solution (usually of ferrous sulfate 
heptahydrate).  The acid is needed to prevent air oxidation of ferrous iron to ferric iron. 
 
The chemical equation for reduction of Cr(VI) to Cr(III) by Fe(II) is shown in Equation 
2.  Based on this equation, 3.2 g Fe(II) or16 g ferrous sulfate heptahydrate (a common 
form of ferrous iron) is needed to react with 1 g Cr(VI). 
 
Equation 2: 
 

3Fe2+ + Cr6+ → 3Fe3+ + Cr3+    
                               ferrous iron 
 
 
Cement.  Cement may be added to stabilize metals by increasing pH, including nickel 
and cadmium, are less soluble at higher pH.  The addition of higher amounts of cement 
may prevent leaching of metals by reducing permeability of the soil.  
  
1.2  Study Objectives 
 
Batch tests will be conducted to evaluate the ability of CaSx and Fe(II)—with or without 
added cement—to reduce Cr(VI) without adversely affecting groundwater.  Specific 
goals of the testing are to 
 

− estimate the dose of CaSx and Fe(II) needed to decrease Cr(VI) in soil 
− compare the effectiveness of reducing agent alone to reducing agent+stabilizing 

agent (cement) 
− assess the leachability of Cr(VI) and other metals after treatment  
− estimate the soil reductant demand of CaSx in order to assess the ability of 

unimpacted soil to consume excess reagent 
− generate soil buffering curves to determine how much acid can be added without 

long-term changes in pH  
 
The specific tests conducted to achieve these goals are described in Section 2.0 of this 
report.  Results and observations are presented in Section 3.0.  Conclusions and 
recommendations are presented in Sections 4.0.  PRIMA Environmental, Inc. (PRIMA) 
has evaluated the effectiveness of each technology based on the results of the bench tests.  
However, it is the responsibility of Kleinfelder to review this report and use its 
knowledge and expertise to determine whether any of these technologies should be 
applied at the site. 
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2.0  MATERIALS  and METHODS 
 
 
2.1  Materials 
 
Cadmium nitrate tetrahydrate, Cd(NO3)2•4H2O.  “Baker Analyzed” reagent grade 
Cd(NO3)2•4H2O (JT Baker) was used in this study. 
 
Calcium polysulfide, CaSx.  Calmet® brand 29% CaSx was obtained from Best Sulfur 
Products (Fresno, CA www.bestsulfurproducts.com).  Dilutions were made as needed 
using deionized (DI) water. 
 
Cement.  Type II Portland cement purchased from a local hardware store was used in this 
study. 
 
Ferrous sulfate heptahydrate, FeSO4•7H2O.  Granular FeSO4•7H2O was obtained from 
Fisher Scientific and used as received. 
 
Nickel chloride hexahydrate, NiCl2•6H2O.  “Baker Analyzed” reagent grade 
NiCl2•6H2O (JT Baker) was used in this study. 
 
Potassium dichromate, K2Cr2O7.  “Baker Analyzed” reagent grade K2Cr2O7. (JT 
Baker) was used in this study. 
 
Sulfuric Acid, H2SO4.  ACS reagent grade 98% H2SO4 (EM Science) was used in this 
study.  Dilute solutions were prepared as needed using DI water.   
  
2.2  Preparation and Characterization of Soil 
 
One 5-gallon bucket of soil labeled “KLF1-Bulk-1” and weighing approximately 48 
pounds was received by PRIMA on December 8, 2009.  The soil was passed through a 
No. 4 sieve to remove rocks greater than about 3/16 inches.  Approximately 8 lbs of rocks 
were removed.  The remaining soil was a fine brown sand.  It was thoroughly 
homogenized by passing it several times through a riffle splitter.  Homogenized soil was 
analyzed for  
 

− Cr(VI) 
− Percent moisture 
− Total metals (arsenic, cadmium, chromium, nickel) 
− Synthetic Precipitation Leaching Procedure (SPLP), with analysis of arsenic (As), 

cadmium (Cd), chromium (Cr), and nickel (Ni) in the leachate 
 
Because Cr(VI) and total metal concentrations were not representative of highly impacted 
soil at the site, Kleinfelder directed that soil be spiked to target concentrations of 10,000 
mg/kg Cr(VI), 2600 mg/kg Ni and 230 mg/kg Cd.  This was done by dissolving the 
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appropriate amount of potassium dichromate (K2Cr2O7), cadmium nitrate tetrahydrate 
(Cd(NO3)2•4H2O), and nickel chloride hexahydrate (NiCl2•6H2O) in 1.5 liters of warm 
(42°C) DI water, mixing the water well with 8.8 kg soil, then allowing the soil to dry 
until the moisture content was similar to that of the unspiked soil.  Dried soil had a crust 
of orange crystals, which was K2Cr2)7 that had precipitated as the water evaporated.  
The spiked soil was thoroughly homogenized to evenly distribute the crystals, then 
analyzed for the same parameters as the original soil.  Figures 1a-d illustrate the spiking 
process.  Figure 2 shows the original homogenized soil and the dried, homogenized 
spiked soil.  Analytical results are presented and discussed in Section 3.0. 
 
 

 
a) b)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

c) 
d) c) 

Figure 1.  Soil Spiking Procedure.  a)  Adding metal solution to soil.  b)  Mixing 
solution and soil.  c)  Spiked soil slurry.  d)  Spiked soil after drying, but before 

homogenization.  Orange crystals are K2Cr2O7 that precipitated as water evaporated. 
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Figure 2.  Comparison of Spiked and Unspiked Soil.  Left: homogenized 

spiked soil after drying.  Right:  homogenized unspiked soil. 
 
2.2  Pre-test to Determine Cement Dose 
 
A pre-test was conducted to determine the dose of cement that should be added to 
stabilize treated soil.  Four beakers, each containing 250 g of unspiked soil were 
prepared.  Cement (2-20% by weight) and water (40-45 mL) were added and mixed well. 
(The amount of water used was the minimum amount needed to make a thick slurry.)  
After 48 hours, the penetration resistance was measured using a pocket penetrometer.  
The friability was also assessed.  Based on the results (Table 1), Kleinfelder requested 
that approximately 5% cement be used for the stabilization tests.   
 

 
Table 1.  Cement Pre-Test Results. 

Test Cement 
Added

Penetration 
Resistance

Friability

% (w/w) tons/ft2
2%Cem 2 ~ 4.5 easy to break up
4%Cem 4 > 4.5 easy to break up
10%Cem 10 > 4.5 not easily broken up
20%Cem 20 > 4.5 not easily broken up  

 
 
2.3  Cr(VI) Reduction 
 
The ability of CaSx and Fe(II) to reduce Cr(VI), with and without an added stabilizer 
(cement) was evaluated.  Five reactors, each containing 500 g spiked soil, were prepared 
for each reducing agent.  One of the reactors received only water and served as the 
control.  Two of the reactors received a low dose of reducing agent and the remaining 
two received a high dose.  For CaSx, the low dose (134 mL 29%CaSx/kg soil) was the 
stoichiometric dose required to convert all of the added Cr(VI) to Cr(III), while the high 
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dose (268 mL 29%CaSx/kg soil) was approximately twice the stoichiometric dose.  For 
iron, a 1 times stoichiometric dose (160 g FeSO4•7H2O /kg soil) and 3 times 
stoichiometric dose (480 g FeSO4•7H2O/kg soil) were used.  CaSx was added directly to 
the soil and mixed well.  An additional 20 mL of DI water was added to the low dose test 
because the CaSx caused the soil to dry out (see Section 3.0 for further discussion).  For 
Fe(II), solid FeSO4•7H2O and 75 mL of 0.12 N H2SO4 were added to the soil then 
blended well.  (The amount of acid required from a preliminary test in which H2SO4 was 
added to soil as needed until the pH remained between 2.5 and 3 for 2 hours.  In this case, 
0.018 moles H+/kg soil were needed.)  The FeSO4•7H2O was added dry because it would 
not dissolve in the small amount of acid used.  (A larger amount of liquid was not used in 
order to avoid creating a layer of water on the surface of the soil.)  After 24 hours, cement 
and additional water was added to one reactor from each of the above pairs.  (Cement 
was added after 24 hours in order to allow time for the reductant to react with Cr(VI).)  
Seven days after setting up the tests (6 days after addition of cement), the contents of 
each reactor were homogenized and subsamples were collected and analyzed for Cr(VI), 
ORP and pH.  The tests are summarized in Table 2. 
 
 

Table 2.  Summary of Cr(VI) Reduction/Stabilization Tests. 

Test Reductant Cement* Est. Sample 
Time, days 

CaSx Tests    
Control None** None 7 
CPS-Low 134 mL 29%CaSx/kg soil 

(1 x stoich.) 
None 7 

CPS-Low-Cem 5%+ 50 mL DI 7 
CPS-High 268 mL 29%CaSx/kg soil 

(2 x stoich.) 
None  7 

CPS-High-Cem 5%+ 16 mL DI 7 
Fe(II) Tests    
Control None** None 7 
Fe-Low 160 g FeSO4•7H2O /kg soil 

+ 75 mL 0.12N H2SO4/kg  
(1 x stoich dose) 

None 7 

Fe—Low-Cem 5% + 50 mL 
DI 7 

Fe-High 480 g FeSO4•7H2O /kg soil 
+ 75 mL 0.12N H2SO4/kg  

(3 x stoich dose) 

None  7 

Fe-High-Cem 5% (no DI 
needed) 7 

*  Cement was 5% of soil mass and was added approximately 24 hours after reductant. 
**  75 mL DI water/kg soil was added in place of the reductant. 

 
 
2.4  Post-treatment Leachability 
 
In order to assess the potential effect of each treatment on groundwater, each test in 
Section 2.3 was subjected to the Simulated Precipitation Leaching Procedure (SPLP) and 
the extract analyzed for Cr(VI), arsenic, cadmium, chromium, and nickel.   
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2.5  CaSx Soil Reductant Demand (SRD) 
 
The amount of CaSx that can be consumed by soil (the soil reductant demand, SRD) was 
measured in order to evaluate how much excess CaSx could potentially be added without 
affecting groundwater.  SRD was measured by determining the change in CaSx 
concentration over time in the presence and absence of soil.  Four vials, each containing 
25 g unspiked soil and approximately 30 mL CaSx were prepared.  The CaSx 
concentration was 10 mL CaSx/L soln. (0.29% CaSx) in two of the vials and 20 mL 
CaSx/L soln. (0.58% CaSx) in the remaining two vials.  Two controls containing CaSx 
but no soil were also prepared.   All vials were prepared under a nitrogen blanket in order 
to minimize exposure to oxygen.  Periodically, an aliquot was removed from each vial 
and analyzed for CaSx via visible spectroscopy (absorbance at 370 nm).  All dilutions 
were made using 0.01 M sodium hydroxide solution to minimize oxidation/precipitation 
of CaSx.  The sampling times were 6 hrs, 24 hours, 48 hrs, and 7 days.  SRD is defined as 
the difference between the amount of CaSx consumed in the sample and in the amount 
consumed in the control (Eqn. 3). 
 

SRD = (CaSx consumed)sample –(CaSx consumed)control  Eqn. 3 
 
 
2.6  Soil Buffering Curves 
 
Buffering curves were generated to estimate the amount of acid that can be added to soil 
(when using Fe(II) as the reducing agent) without causing long-term changes in pH.  Soil 
and dilute sulfuric acid will be combined in a 1:1 soil to liquid ratio.  The pH was 
measured periodically over time.  Three initial concentrations of acid were used:  100 
mmol H+/kg soil, 10 mmol H+/kg soil, and 1 mmol H+/kg soil.   
 
2.7  Analytical Methods 
 
The method for each analysis and the lab to perform the analysis are given in Table 3. 
 
 

Table 3.  Analytical Methods. 
Analyte Method Lab performing test* 

Cr(VI) 7199 Excelchem/Alpha 
Total Metals EPA 6020 Alpha Analytical 
SPLP EPA 1312 Alpha Analytical 
ORP Probe PRIMA 
pH Probe PRIMA 

  *  Alpha Analytical (Sparks, NV), Excelchem (Rocklin, CA),  
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3.0  RESULTS  and  DISCUSSION 
 
 
3.1  Untreated Soil and Groundwater 
 
The analytical results for untreated soil—as received and spiked—are given in Table 4.  
Complete analytical reports are provided in Appendix B.  Unspiked soil contained very 
little Cr(VI)—10.2-22 mg/kg, depending upon the analytical method.  This amount is 
consistent with the SPLP results of was 1.5 mg/L Cr(VI).  (Because Cr(VI) is highly 
water soluble, most of it should leached by the SPLP test.  Since the SPLP uses a 20 to 1 
extraction fluid to soil ratio, the amount of Cr(VI) that leached was approximately 1.5 
mg/L x 20 = 30 mg/kg.)  The concentrations of total chromium, cadmium and nickel 
were was 99 mg/kg, < 1.0 mg/kg and 7.3 mg/kg, respectively.  The concentration of 
arsenic was 1.8 mg/kg, but none was detected in the SPLP test.   
 
 

Table 4.  Cr(VI) and Other Parameters in Untreated Soil. 

Analyte Units Unspiked Soil    
(soil as received) Spiked Soil

Metals (EPA SW6020)
Arsenic mg/kg   1.8 1.8
Cadmium mg/kg   < 1.0 210
Chromium mg/kg   99 10,000
Nickel mg/kg   7.3 2,900

Metals (SPLP)
Cr(VI) mg/L 1.5* 290
Arsenic mg/L < 0.10 < 0.05
Cadmium mg/L < 0.10 9.0
Chromium mg/L 1.5 480
Nickel mg/L < 0.20 130

Munsell Soil Color*
Brown Munsell Color Code 7.5YR 5/3 n.a.
Dark yellowish brown Munsell Color Code n.a. 10YR 4/4

Other Measurements
Cr(VI) - 7199 mg/kg 10.2 8,900
Cr(VI) - DI/Hach mg/kg 22** 10,000^
ORP mV 175 n.m.
Percent Moisture % 4.27 6.6
pH -- 6.81 n.m.

**  Estimated value:  PRIMA mixed soil and DI water in 1:1 ratio for ~1hr, then analyzed colorimetrically for Cr(VI).

^  Estimated value:  PRIMA mixed soil and DI water in 1:10 ratio for ~1hr, then analyzed colorimetrically for Cr(VI).

*  Note - Vanadium, iron, molybdenum and mercury may enhance the absorption measured at the same 
wavelength as Cr(VI).
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3.2  Cr(VI) Reduction/Stabilization 
 
3.2.1  Cr(VI) Removal  
 
The results of the Cr(VI) reduction/stabilization tests are shown in Table 5.  Both CaSx 
and Fe(II), with and without added cement, dramatically decreased the concentration of 
Cr(VI).  Up to 6.2 mg/kg Cr(VI) was present in the CaSx low dose test without added 
cement and 3.0 mg/kg remained after addition of cement.  The remaining Cr(VI) was 
probably due to imperfect mixing of the reagent and the soil.  (As discussed in Section 
3.2.2.1, CaSx reacted very quickly with soil, drying it out and rendering mixing difficult.)  
Doubling the dose of CaSx resulted in complete removal of Cr(VI) in the high dose test 
without cement, but 1.5 mg/kg were detected when cement was added.  In contrast, < 1.0 
mg/kg Cr(VI) were detected in any of the iron-treated tests, with or without added 
cement.   
   
3.2.2  Secondary Parameters 
 
ORP and pH was measured for each treatment.  The results are shown in Table 5.  The 
pH increased from 4.28 in the CaSx control to 8.16 in the low dose test and 9.87 in the 
high dose test.  Addition of cement further increased the pH (to over 11) in both cases.  
ORP was negative in all of the CaSx tests.  These changes were expected because CaSx 
is alkaline and strongly reducing.   In contrast, the pH after 7 days in the iron tests 
(without cement) ranged from 2.16 to 2.32.  The low pH was required initially to prevent 
unwanted oxidation of ferrous iron, but prolonged acidic conditions are likely to leach 
metals.  Adding cement increased the pH to 7.22 in the low dose test, but only to 4.54 in 
the high dose test.  The moderate increases are presumably due to the acidic nature of 
ferrous sulfate.  (Ferrous sulfate has long been used by gardeners to decrease the pH of 
soil.)   The ORP in the iron tests was oxidizing in most cases because the Fe(II), while 
reducing, was not completely dissolved in the poor water.    
 



 

 
 

Table 5.  Cr(VI) Reduction.  Day 7 Results. 
 

Analyte Units CaSx Tests Fe(II) Tests
Control Low Dose Low Dose 

+ Cement High Dose High Dose 
+ Cement Control Low Dose Low Dose 

+ Cement High Dose High Dose 
+ Cement

Cr(VI) - 7199 mg/kg 7,700 6.2 3 < 0.01 1.5 7,700 < 0.01 0.41 < 0.01 < 0.01
Cr(VI) - DI/Hach* mg/kg 8,400 < 0.1 0.11 < 0.1 < 0.1 7,600 0.12 0.5 < 0.1 0.11
moisture content % 10.5 10.2 12.6 14.8 14.7 12.2 13.7 17.4 21.1 19.3
ORP mV 418 -80 -130 -170 -485 388 295 35 198 -40
pH -- 4.28 8.16 11.33 9.87 12.02 4.35 2.16 7.22 2.32 4.54
* Estimated value:  PRIMA mixed soil and DI water in 1:10 ratio for ~1hr, then analyzed colorimetrically for Cr(VI).
All results on a wet weight basis.
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3.2.3  Observations 
 
Observations made throughout the Cr(VI) reduction study are summarized in Table 6.  
Some observations are discussed in more detail below.  Figure 3 show the spiked soil 14 
hours after treatment.  Figures 4 and 5 show the spiked soils (with and without added 
cement) on Day 7.   
 
3.2.3.1  Treatment with CaSx – no cement 
 
CaSx reacted atypically with site soil.  In PRIMA’s experience, addition of CaSx is 
uneventful, resulting in an orange/yellow slurry that often turns greenish/gray over time; 
samples have a strong sulfide odor, but no heat is generated.  In this study, however, 
addition of the low dose of CaSx to spiked soil immediately turned the soil black, dried it 
out, and generated heat (the temperature rose from about 20°C to about 38°C).  The soil 
dried out as the reagent was added, necessitating the addition of 20 mL of water in order 
to improve mixing.  No sulfide odor was evident within minutes after addition of CaSx.  
Similarly, when the high dose of CaSx was added, the soil turned black immediately, 
though the mixture remained soupy enough to enable good mixing without adding water.  
Heat was also generated and the soil became much drier within 30 minutes.   The CaSx-
treated soils at 14 hours are shown in Figure 3.   
 
 
 

 
Figure 3.  Spiked soil after addition of reductants (no cement).  Day 14.  
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Figure 4.  Spiked soil after addition of reductants (no cement).  Day 7. 

 
 
 

 

 
Figure 5.  Spiked soil after addition of reductants and cement.  Day 7. 
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The extensive reactivity of the CaSx with spiked soil was probably due to very rapid 
chemical reactions between Cr(VI), which is a strong oxidant at the high concentrations 
present in the soil, and the CaSx, which is a strong reductant.  This hypothesis is 
supported by the more typical reaction observed when CaSx was added to unspiked 
soil—specifically, no heat was generated, the soil turned gray slowly, and a strong sulfide 
odor was present.  The effect of Cr(VI) concentration on CaSx reactivity is important to 
consider when evaluating CaSx for in situ treatment of vadose zone soil because the dose 
of CaSx may need to be varied with Cr(VI) soil concentration in order to avoid potential 
adverse effects of CaSx on groundwater.  If CaSx does not completely react with soil, 
then it could potentially enter the groundwater and be extracted.   

 
3.2.3.2  Addition of Cement 
 
Addition of cement to the various treatments solidified the soil, but resulting solid was 
relatively weak.  Although a force of 4.5 tons/ft2 (measured with a pocket penetrometer) 
did not make an indentation in most samples after 6 days of curing, all of the materials 
could be broken up with moderate to little effort.  The CaSx-cement tests required the use 
of a steel spatula to initially break the material, but smaller pieces could be crushed by 
hand.  The Fe(II)-cement tests were easily crushed by hand.  These results are consistent 
with the request by Kleinfelder to add enough cement to stabilize the Cr(VI) and prevent 
leaching, but not enough to create a hard, solid cement core.   
 
Addition of cement did not generate a significant amount of heat.  Temperature did not 
increase in the CaSx-Low-Cem test, but increased by approximately 3°C in the CaSx-
High-Cem test, by 6°C in the Fe-Low-Cem test, and by 2°C in the Fe-High-Cem test.  
 
3.2.3.3  DI Extraction Supernatant 
 
The supernatants from the DI extraction tests (on which PRIMA measured Cr(VI) 
colorimetrically) were highly colored in the iron-only tests.  In the low dose test the 
liquid was blue, indicating Fe(II) was still present.  In the high dose test, the liquid was 
green/yellow, indicating that iron was still present, but some was ferric iron rather than 
ferrous iron.  The presence of iron is consistent with the low pH of these samples.  The 
supernatants of the iron+cement tests were not significantly colored, which is consistent 
with the higher pH since neither ferrous nor ferric iron is soluble above pH ~ 4.5. 
 
3.3  Leach Test Results 
 
The results of the leach tests are shown in Table 6.  The maximum amount of leachable 
metal is included in the Table; it was calculated by multiplying the concentration in the 
SPLP extract by 20 because the SPLP test uses a 1 to 20 soil to liquid ratio. 
 
Treatment with CaSx dramatically reduced leachability of all of the metals compared to 
the control.  Neither cadmium nor nickel were detected in SPLP extracts from any of the 
CaSx tests, indicating that after treatment, less than 2 mg/kg Cd and less than 4 mg/kg Ni  



 

 
 
 
 
 

Table 6.  Leach Test Results. 
Analyte Units CaSx Tests Fe(II) Tests

Control Low Dose Low Dose 
+ Cement High Dose High Dose 

+ Cement Control Low Dose Low Dose 
+ Cement High Dose High Dose 

+ Cement
Metals (SPLP)

Cr(VI) mg/L 340* 0.23* 0.25* 0.19* 0.065* 450* < 0.020* < 0.020* < 0.020* < 0.020*
Arsenic mg/L < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cadmium mg/L 8.2 < 0.10 < 0.10 < 0.10 < 0.10 7.8 8 < 0.10 6.4 5.2
Chromium mg/L 470 3.5 0.32 0.18 < 0.10 460 140 < 0.10 140 < 0.10
Nickel mg/L 120 < 0.2 < 0.2 < 0.2 < 0.2 110 100 < 0.2 85 50
Maximum Amount of Leachable Metal (based on SPLP Results)**
Cr(VI) mg/kg 6,800 4.6 5 3.8 1.3 9,000 < 0.4 < 0.4 < 0.4 < 0.4
Arsenic mg/kg < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Cadmium mg/kg 164 < 2 < 2 < 2 < 2 156 160 < 2 128 104
Chromium mg/kg 9,400 70 6.4 3.6 < 2 9,200 2,800 < 2 2,800 < 2
Nickel mg/kg 2,400 < 4 < 4 < 4 < 4 2,200 2,000 < 4 1,700 1,000
*  Note - Vanadium, iron, molybdenum and mercury may enhance the absorption measured at the same wavelength as Cr(VI).
** Calculated by multiplying the SPLP value by 20.
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are leachable.  This is in contrast to the control test in which 164 mg/kg Cd and 2,400 
mg/kg nickel were leachable.  A small amount of Cr(VI) was present in the SPLP tests, 
but these values may be high to matrix interference.  Matrix interference is likely because 
they indicated that 1.3 to 5 mg/kg Cr(VI) is leachable, but Cr(VI) was not detected in 
most post-treatment samples (see Section 3.2.1).  Arsenic was not detected in any SPLP 
sample indicating that less than 1 mg/kg is leachable. 
 
Treatment with iron (with or without added cement), reduced leaching of Cr(VI), but not 
necessarily other metals.  Cr(VI) was not detected in the SPLP extract from any iron 
treatment, indicating that less than 0.4 mg/kg Cr(VI) is leachable after treatment.  Total  
chromium was present in the iron-only samples due to low pH, but it was trivalent 
chromium, not Cr(VI).  Cd and Ni were highly soluble in both of the iron only-
treatments, because of the low pH (see Section 3.2.2).  However, addition of cement to 
the low dose test increased the pH to near neutral, which prevented leaching (neither Cd 
nor Ni was detected in the SPLP extract).  Addition of cement to the high dose test did 
not reduce leaching significantly because it did not raise the pH significantly.  It is likely 
that a higher dose of cement in this test would raise the pH to neutral and also prevent 
leaching.  Arsenic was not detected in any SPLP sample indicating that less than 1 mg/kg 
is leachable.   
 
It must be emphasized that although the SPLP results indicate most treatments will 
significantly reduce the leachability of metals, a small fraction of each metal may still be 
leachable since metals may be present in SPLP extracts below the reporting limit.  The 
impact to groundwater will depend upon many factors including the rate of infiltration of 
water through the treated soil, the rate of desorption of the metal from impacted soil, the 
ability of the metal to sorbed to um-impacted/untreated soil (between the treatment zone 
and the water table), and the degree of mixing between leachate and groundwater.  For 
example, if all of the remaining leachable metals leached at once and groundwater is 
stagnant, then groundwater may be significantly impacted even though very little 
leachable metal is present.  If, however, the remaining leachable metals leached slowly 
over time and groundwater is fast moving, impacts to groundwater may be too small to 
detect.  
 
3.4  Soil Reductant Demand 
 
The results of the soil reductant demand tests are shown in Figure 6.  The soil consumed 
the equivalent of 6.9-7.2 mL of full strength (29%) CaSx per kg soil, about 0.1 mL/kg of 
which is due to the Cr(VI) in the untreated soil.  Thus, if excess CaSx is applied, some 
may be consumed by soil before reaching groundwater.  Note that additional CaSx will 
be consumed if it comes in contact with air.   
 
3.5  Buffering Curve 
 
The buffering curves are shown in Figure 7.  Soil exhibits very little buffering ability.  
Addition of 1 mmol H+/kg soil initially decreased the pH to 6.13, which rebounded to 6.7 
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within7 days.  However, addition of 10 mmol H+/kg soil decreased the pH to 3.3, which 
only rebounded to 4.4 within 7 days.  Care must therefore be taken if using ferrous 
sulfate, since the acid added as part of the reagent will not be readily neutralized by the 
soil (though some may be neutralized by groundwater).   
 
 

 (mL CaSx/L solution) Remaining (mL CaSx/kg soil) Consumed 

Time (day)
Control 
(Low)

Control 
(High)

CaSx    
(Low)

CaSx 
(High) CaSx (Low) CaSx (High)

0 10 20 10 20
0.25 9.8 20 7.1 17 3.5 2.8

1 10 20 6.3 16 4.8 4.8
2 10 20 5.9 16 5.3 4.8
7 10.0 20 4.6 14 6.9 7.2

CaSx results are the average of two replicates.
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Figure 6.  Soil Reductant Demand. 
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Figure 7.  Soil Buffering Curves.  (Unspiked Soil.) 
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4.0  ENGINEERING CONSIDERATIONS  
 

Based on the results of this study, it is highly likely that CaSx with or without added 
cement and Fe(II) with added cement could meet the goals of treating Cr(VI) without 
adversely impacting groundwater, if the technology is properly implemented.  This 
section describes some of the engineering considerations that should be taken into 
account when evaluating the implementability of each technology.  It must be noted that 
these considerations are provided by PRIMA based on the results of the bench-scale 
study and do not necessarily reflect all engineering considerations associated with these 
technologies.   
 
General 
 

• The lowest reasonable dose of each reagent should be added to minimize the 
potential for excess reagent to leach into groundwater.  In this study, a 
stoichiometric dose was generally effective.  However, the Cr(VI) concentrations 
were very high and the effective of amount of excess reagent needed for much 
lower concentrations of Cr(VI) was not evaluated. 
 

• Reagents should be emplaced as far above the water table as possible to allow the 
maximum amount of soil to sorb/react with an excess reagent or leached metals.  

 
CaSx Reduction 
 

• CaSx has a strong sulfide odor. 
 

• Temperature increased and soil dried out when CaSx was applied to spiked soil.  
However, this behavior may depend upon the concentration of Cr(VI), since it 
was not observed when unspiked soil was treated with CaSx.   
 

• CaSx decomposed rapidly when a low dose was applied to spiked soil, drying the 
soil out and rendering mixing difficult.  This may necessitate the addition of 
additional water in some cases to enable good mixing before CaSx completely 
decomposes.  

 
• Air-injection (or other method) may be needed to fully oxidize excess CaSx. 

CaSx was completely consumed very quickly when added to spiked soil, but 
much more slowly when added to unspiked soil (probably due to slow oxidation 
by air).  Although some CaSx should react with soil (the SRD was approximately 
7 mL CaSx soln/kg soil), injection of air may be needed to completely decompose 
any excess.     
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Fe(II) Treatment 
 

• Fe(II) should be used only in conjunction with cement in order to ensure at least 
near-neutral pH after treatment.  Fe(II) alone effectively decreased concentrations 
of Cr(VI), but because of low pH, most other metals were highly leachable.   

 
• If possible, Fe(II) should be dissolved in acid before being mixed with soil in 

order to maximize contact between iron and Cr(VI).  However, if the amount of 
iron needed is very high (as in this study), then the Fe(II) may need to be added 
dry, since the solubility of FeSO4•7H2O is on the order of 250 g/L.  Water will 
also need to be added to enable dissolution of the Fe(II) salt.   

 
• Fe(II) must be added as a acidic solution (or with acidified make-up water, if 

added dry) to prevent pre-mature oxidation of ferrous iron to ferric iron. 
 

• The cement dose must be optimized to ensure the final pH is adequate.  Addition 
of 5% cement increased the pH to near-neutral in the low dose iron test, but only 
to 4.5 in the high dose test, due to the ability of FeSO4•7H2O to acidify soil. 
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5.0  CONCLUSIONS 
 
Both CaSx and Fe(II) effectively reduced Cr(VI) concentrations in soil.  All of the CaSx 
treatments and the Fe(II) low dose with cement treatment also dramatically reduced the 
leachability of metals, indicating that these can potentially be used to treat Cr(VI) in situ 
without adversely affecting groundwater, if properly applied.  Several factors may 
influence the implementability and/or practicality of these treatments, including the 
reactivity and odor of CaSx, the need to add Fe(II) in an acidic solution and follow 
treatment with cement.   
 
Based on the results of this study, PRIMA recommends that both CaSx and Fe(II) be 
considered for in situ remediation of Cr(VI) at this site.  The engineering considerations 
discussed in Section 4.0 should be carefully evaluated by Kleinfelder during this process.  
Additional testing may be needed to assess the reactivity of CaSx versus Cr(VI) 
concentration, determine how far excess water may percolate (if the distance above the 
water table is sufficiently great, water from the treatment zone may not reach 
groundwater), and assess the ability of untreated soil below the treatment zone to sorb 
any leached metals.  
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• 
CHAIN OF CUSTODY 
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Prima Environmental

RE: Kleinfelder

El Dorado Hills, CA 95762

5070 Robert J. Mathews Parkway, Suite 300

Cindy Schreier

Enclosed are the results of analyses for samples received by the laboratory on 12/08/09 15:07. All Quality Control results are 

within acceptable limits except where noted as a case narrative. If you have any questions concerning this report, please feel free 

to contact the laboratory.

Sincerely, 

15 December 2009

Workorder number:0912049

John Somers, Lab Director

________________________

ELAP Certificate No. : 2119

EXCELCHEM

   Environmental Labs
1135 W Sunset Boulevard

           Suite A

     Rocklin, CA 95765

 Phone# 916-543-4445 

    Fax# 916-543-4449



Project:

Project Number:

Project Manager:

KleinfelderPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/15/09 17:08El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

KF-EPC-SOIL 0912049-01 12/08/09 13:00 12/08/09 15:07Soil

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 4



Project:

Project Number:

Project Manager:

KleinfelderPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/15/09 17:08El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912049-01 (Soil)

KF-EPC-SOIL

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 719910.2 ASL0114 12/15/09 12/15/09 mg/kgHexavalent Chromium 1.00

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 2 of 4



Project:

Project Number:

Project Manager:

KleinfelderPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/15/09 17:08El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Result Limit
Reporting

Units Level
Spike

Result
Source

%REC
%REC
Limits RPD

RPD
Limit Notes  Analyte

Ion Chromatography - Quality Control

Batch ASL0114 - EPA 7199

Blank (ASL0114-BLK1) Prepared & Analyzed: 12/15/09 

Hexavalent Chromium mg/kgND 0.001

LCS (ASL0114-BS1) Prepared & Analyzed: 12/15/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 80-12096.2

LCS Dup (ASL0114-BSD1) Prepared & Analyzed: 12/15/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 2080-120104 7.69

Duplicate (ASL0114-DUP1) Prepared & Analyzed: 12/15/09 Source: 0912049-01

Hexavalent Chromium mg/kg10.2 1.00 10.2 200.0197

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 3 of 4



Project:

Project Number:

Project Manager:

KleinfelderPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/15/09 17:08El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Notes and Definitions 

ND            Analyte not detected at reporting limit.

NR            Not reported

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 4 of 4



Project:

Project Number:

Project Manager:

KleinfelderPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/15/09 17:08El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 1



Prima Environmental

RE: KF - EPC

El Dorado Hills, CA 95762

5070 Robert J. Mathews Parkway, Suite 300

Cindy Schreier

Enclosed are the results of analyses for samples received by the laboratory on 12/17/09 13:49. All Quality Control results are 

within acceptable limits except where noted as a case narrative. If you have any questions concerning this report, please feel free 

to contact the laboratory.

Sincerely, 

22 December 2009

Workorder number:0912113

John Somers, Lab Director

________________________

ELAP Certificate No. : 2119

EXCELCHEM

   Environmental Labs
1135 W Sunset Boulevard

           Suite A

     Rocklin, CA 95765

 Phone# 916-543-4445 

    Fax# 916-543-4449



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

CaSx-Con 0912113-01 12/17/09 12:00 12/17/09 13:49Soil

CaSx-Low 0912113-02 12/17/09 12:00 12/17/09 13:49Soil

CaSx-Low-Cem 0912113-03 12/17/09 12:00 12/17/09 13:49Soil

CaSx-High-Cem 0912113-04 12/17/09 12:00 12/17/09 13:49Soil

CaSx-High 0912113-05 12/17/09 12:00 12/17/09 13:49Soil

Fe.Con 0912113-06 12/17/09 12:00 12/17/09 13:49Soil

Fe.Low 0912113-07 12/17/09 12:00 12/17/09 13:49Soil

Fe.Low-Cem 0912113-08 12/17/09 12:00 12/17/09 13:49Soil

Fe.High-Cem 0912113-09 12/17/09 12:00 12/17/09 13:49Soil

Fe.High 0912113-10 12/17/09 12:00 12/17/09 13:49Soil

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-01RE1 (Soil)

CaSx-Con

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 71991410 ASL0165 12/21/09 12/22/09 mg/kgHexavalent Chromium 500

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 2 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-02 (Soil)

CaSx-Low

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 719932.4 ASL0145 12/18/09 12/18/09 mg/kgHexavalent Chromium 1.00

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 3 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-03RE1 (Soil)

CaSx-Low-Cem

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719912/21/09 12/22/09 mg/kg ASL0165Hexavalent Chromium 0.010

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 4 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-04RE1 (Soil)

CaSx-High-Cem

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719912/21/09 12/22/09 mg/kg ASL0165Hexavalent Chromium 0.010

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 5 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-05RE1 (Soil)

CaSx-High

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719912/21/09 12/22/09 mg/kg ASL0165Hexavalent Chromium 0.010

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 6 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-06RE1 (Soil)

Fe.Con

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 7199634 ASL0165 12/21/09 12/22/09 mg/kgHexavalent Chromium 500

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 7 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-07RE1 (Soil)

Fe.Low

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719912/21/09 12/22/09 mg/kg ASL0165Hexavalent Chromium 1.00

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 8 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-08 (Soil)

Fe.Low-Cem

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 71990.010 ASL0145 12/18/09 12/18/09 mg/kgHexavalent Chromium 0.001

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 9 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-09RE1 (Soil)

Fe.High-Cem

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719912/21/09 12/22/09 mg/kg ASL0165Hexavalent Chromium 1.00

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 10 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912113-10RE1 (Soil)

Fe.High

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

ND EPA 719912/21/09 12/22/09 mg/kg ASL0165Hexavalent Chromium 1.00

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 11 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Result Limit
Reporting

Units Level
Spike

Result
Source

%REC
%REC
Limits RPD

RPD
Limit Notes  Analyte

Ion Chromatography - Quality Control

Batch ASL0145 - EPA 7199

Blank (ASL0145-BLK1) Prepared & Analyzed: 12/18/09 

Hexavalent Chromium mg/kgND 0.001

LCS (ASL0145-BS1) Prepared & Analyzed: 12/18/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 80-120103

LCS Dup (ASL0145-BSD1) Prepared & Analyzed: 12/18/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 2080-120101 2.61

Batch ASL0165 - EPA 7199

Blank (ASL0165-BLK1) Prepared: 12/21/09  Analyzed: 12/22/09 

Hexavalent Chromium mg/kgND 0.001

LCS (ASL0165-BS1) Prepared: 12/21/09  Analyzed: 12/22/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 80-120105

LCS Dup (ASL0165-BSD1) Prepared: 12/21/09  Analyzed: 12/22/09 

Hexavalent Chromium mg/kg0.009 0.001 0.0100 2080-12087.2 18.1

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 12 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Notes and Definitions 

ND            Analyte not detected at reporting limit.

NR            Not reported

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 13 of 13



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 18:22El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 1



Prima Environmental

RE: KF - EPC

El Dorado Hills, CA 95762

5070 Robert J. Mathews Parkway, Suite 300

Cindy Schreier

Enclosed are the results of analyses for samples received by the laboratory on 12/17/09 13:49. All Quality Control results are 

within acceptable limits except where noted as a case narrative. If you have any questions concerning this report, please feel free 

to contact the laboratory.

Sincerely, 

22 December 2009

Workorder number:0912114

John Somers, Lab Director

________________________

ELAP Certificate No. : 2119

EXCELCHEM

   Environmental Labs
1135 W Sunset Boulevard

           Suite A

     Rocklin, CA 95765

 Phone# 916-543-4445 

    Fax# 916-543-4449



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 15:01El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

KF.EPC.Spiked Soil 0912114-01 12/17/09 11:00 12/17/09 13:49Soil

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 4



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 15:01El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

0912114-01RE1 (Soil)

KF.EPC.Spiked Soil

Result Limit Notes MethodAnalyzedBatch PreparedUnits
Reporting

Analyte
Date Date

Ion Chromatography

EPA 71993810 ASL0165 12/21/09 12/22/09 mg/kgHexavalent Chromium 500

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 2 of 4



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 15:01El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Result Limit
Reporting

Units Level
Spike

Result
Source

%REC
%REC
Limits RPD

RPD
Limit Notes  Analyte

Ion Chromatography - Quality Control

Batch ASL0145 - EPA 7199

Blank (ASL0145-BLK1) Prepared & Analyzed: 12/18/09 

Hexavalent Chromium mg/kgND 0.001

LCS (ASL0145-BS1) Prepared & Analyzed: 12/18/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 80-120103

LCS Dup (ASL0145-BSD1) Prepared & Analyzed: 12/18/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 2080-120101 2.61

Batch ASL0165 - EPA 7199

Blank (ASL0165-BLK1) Prepared: 12/21/09  Analyzed: 12/22/09 

Hexavalent Chromium mg/kgND 0.001

LCS (ASL0165-BS1) Prepared: 12/21/09  Analyzed: 12/22/09 

Hexavalent Chromium mg/kg0.010 0.001 0.0100 80-120105

LCS Dup (ASL0165-BSD1) Prepared: 12/21/09  Analyzed: 12/22/09 

Hexavalent Chromium mg/kg0.009 0.001 0.0100 2080-12087.2 18.1

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 3 of 4



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 15:01El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Notes and Definitions 

ND            Analyte not detected at reporting limit.

NR            Not reported

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 4 of 4



Project:

Project Number:

Project Manager:

KF - EPCPrima Environmental

5070 Robert J. Mathews Parkway, Suite 300 [none]

Cindy Schreier 12/22/09 15:01El Dorado Hills, CA 95762

Excelchem Environmental Labs

Date Reported:

Excelchem Environmental Lab. The results in this report apply to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety.

Laboratory Representative Page 1 of 1



APPENDIX N

CALCULATION OF TREATED

Cr6+-IMPACTED SOIL MASS



Mass of Cr6+ Percent Cr6+ Mass

(cy) (cy) (cy) (cy) (cy) (lbs) (%)

Depth Interval 0'-15' (Based on 5' Isoconcentrations - Plate 4A) 61 346 307 1097 906 1713.7 75.80%

Depth Interval 15'-25' (Based on 15' Isoconcentrations - Plate 4B) 83 238 659 726 236.8 10.47%

Depth Interval 25'-35' (Based on 25' Isoconcentrations - Plate 4C) 61 106 283 174 142.6 6.31%

Depth Interval 35'-45' (Based on 35' Isoconcentrations - Plate 4D) 78 119 206 170 167.8 7.42%

TOTALs 61 568 769 2245 1977 2261

Low End Concentration 1000 100 37 5.6 2

High End Concentration 10000 1000 100 37 5.6

Average Concentration 5500 550 68.5 21.3 3.8

Mass    =      (Cubic Yards of Soil) X (1.5 tons/Cubic Yard) X (2000 lbs/ton) X ( Concentration mg/kg) X (1 g/ 1000 mg) X (1 kg/ 1000 g)
cy = cubic yards
lbs = pounds

Chrome VI Impacted Soil Volumes at Various Depths

TSFT - Excello Cr6+ Percent Calculation with Depth



APPENDIX O

CASE STUDIES
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Arundo Donax Removal in the 
Santa Ana River Watershed
Jenny Glasser – Orange County Water District 

On June 6, 2003, Orange County Water 
District (OCWD) was awarded the Ruth 
Anderson Wilson Award by the Santa 
Ana Watershed Project Authority for 
its collaborative efforts in a program to 
remove Arundo donax (arundo) from the 
Santa Ana River watershed. The arundo 
removal program is also one reason the U.S. 
Environmental Protection Agency selected 
OCWD as a Clean Water Partner for 2003.

Arundo donax, or the giant cane, is a non-
native, abundant bamboo-like grass that 
invades the habitats of native flora and 
fauna, all the while consuming enormous 
amounts of water. In addition, it is extremely 
flammable, it clutters beaches, and it clogs up 
streams and waterways, causing flooding and 
even bridge damage. Eight thousand acres of 
arundo use 20,000 to 30,000 acre-feet (about 
10 billion gallons) of water per year more 

than does native habitat, enough water for 
100,000 people. 

Arundo, nicknamed “the plant from hell,” 

was introduced into Orange County from 
Europe in the late 1800s as a means of 
preventing erosion of irrigation ditches. It 
is a member of the grass family, although it 
looks more like bamboo. It is primarily found 
along the Santa Ana River and its tributaries, 
but can also be found in neighborhoods 
throughout Orange County and all the way 
down to the beach. Given sufficient sunlight 
and water, it can grow up to 10 inches per 
day in the summer and reach a height of 
more than 25 feet. Arundo grows so densely 
in pure stands that it is virtually impenetrable. 

An estimated 8,000 to 10,000 acres of arundo 
inhabit the Santa Ana River watershed. To 
date, about 1,500 acres have been removed. 
Initial removal of one acre of arundo costs 
$5,000 to $9,500, but removing the plant by 
cutting it off above ground only stimulates 
additional growth from its massive root 
system. Full control requires decades of 
follow-up treatment of the regrowth by 
additional manual cutting and treatment with 
herbicides. Removal of the root systems is 
impractical. Furthermore, arundo removal 
must be initiated at the top of each watershed 
because the persistent plant has the ability to 
break off and transplant itself downstream. 
However, after the long battle against arundo 
is waged, native willows, sycamores, and 
cottonwoods can be replanted or regenerate 

O N  T H E  G R O U N D

see Arundo, page 33

Arundo donax. Photo by Orange County Water District.
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on their own. Restoration of the natural 
habitat supports local flora and fauna and 
saves water. 

OCWD has not tackled arundo removal 
alone; the agency has partnered with 
several others, including the Santa Ana 
Watershed Association, which consists of 
the Riverside-Corona, East Valley, San 
Jacinto Basin, and Inland Empire West 
Resource Conservation Districts; the U.S. 
Fish and Wildlife Service; the Santa Ana 
Regional Water Quality Control Board; 
the U.S. Army Corps of Engineers; the 
California Department of Fish and Game; 
and area counties, cities, and private 
landowners abutting the Santa Ana River 
and its tributaries. To date, more than 
$17 million has been raised for arundo 
removal. The resource conservation 
districts either perform or oversee most of 
the work on the ground.

Compounding problems in removing 
arundo is the fact that some commercial 
nurseries sell it for use as a privacy screen 

because of its dense growth. It is hoped 
that soon the California Department of 
Food and Agriculture will ban the sale of 
arundo in the state.

The Ruth Anderson Wilson Award is 
named after a co-founder of the Tri-County 
Conservation League. The group aims 
to keep a “soft bottom” to the river for 
recreational use when it is not in flood 
conditions, let the natural effects of flooding 
be accommodated so that new soil and 
seeds can create young forage for wildlife, 
and retain water in the Santa Ana River to 
refill the local groundwater reservoirs. The 
Santa Ana Watershed Project Authority, 
which sponsors the award, is a group of 
water agencies that collaborate to protect 
and improve the environment and water in 
the land drained by the Santa Ana River. 
The Authority includes the Inland Empire 
Utilities Agency, Eastern Municipal Water 
District, Orange County Water District, San 
Bernardino Valley Municipal Water District, 
and Western Municipal Water District.
Visit www.ocwd.com for more information.

Arundo, continued from page 6efforts of scholars, scientists, and water 
resources organizations worldwide. It 
aims to advance research in the provision 
and preservation of water resources, 
particularly in arid regions.

Categories for the first award include:

• Surface Water: effective flood  
control methods

• Groundwater: artificial  
groundwater recharge

• Alternative (nontraditional) Water 
Resources: economical technologies  
in seawater desalination

• Water Resources Management: effective 
new techniques of irrigation  
water conservation 

• Protection of Water Resources: 
protection of groundwater from 
agricultural pollutants 

Nominations for individual and 
organization awards will be accepted 
through Oct. 30, 2003. Winners will be 
announced in May/June 2004.

Visit www.psipw.org for details.
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In-Situ Remediation of a 
Chromium-Contaminated Site 
Using Calcium Polysulfide
Andrew Messer, Peter Storch, and David Palmer 
– URS Corporation

URS Corporation is using calcium 
polysulfide (CPS) for in-situ geochemical 
fixation of hexavalent chromium, Cr(VI), 
in soil and groundwater in alluvial fan 
sediments at a former metal plating facility 
in western Arizona. Concentrations of 
Cr(VI) in groundwater at the site exceed 200 
milligrams per liter (mg/L) compared to the 
maximum contaminant level of 0.1 mg/L 
for dissolved chromium in drinking water 
set by the U.S. Environmental Protection 
Agency. URS has completed vadose zone 
and groundwater pilot tests using CPS and 
has begun full-scale vadose zone application 
in the source area. 

CPS is used extensively as an agricultural 
soil amendment and for removal of metals 
in water treatment systems, and has recently 
been approved for in-situ remediation at 
several sites in the United States. CPS is 
more stable and persistent in subsurface 
environments than other reductants such as 

sodium dithionite, does not form insoluble 
precipitates such as ferrous sulfate, and is 
relatively safe to handle in the field. CPS 
reduces Cr(VI), commonly in the form of 
chromate, CrO4

2-, to the relatively insoluble 
form of trivalent chromium, Cr(III), which 
is less toxic and tends to fall out of solution 
and adhere to soil. One example of the 
reaction is:

 2CrO4
2- + 3CaS5 + 10H+                  

    2Cr(OH)3 (s) + 15S (s) + 3Ca2+ + 2H2O

The fixation of Cr(VI) by CPS is considered 
to be a permanent remediation technique 
under most groundwater conditions. The 
reaction is theoretically reversible; however, 
under natural groundwater conditions the 

equilibrium condition is dominated by the 
right side of this reaction. Furthermore, the 
only mechanism identified in the literature 
for the re-oxidation of Cr(III) under natural 
groundwater conditions is by a grain surface 
reaction that occurs when dissolved Cr(III) 
is exposed to aquifer sediments coated with 
manganese dioxide (MnO2). Since Cr(OH)3 
is a solid precipitate, reaction with MnO2 is 
limited by the extremely low solubility of 
this compound. 

Prior to vadose zone treatment, Cr(VI) 
concentrations in the 20 square-foot test zone 
were as high as 2,190 mg/kg in soil and  
3,600 mg/L in the vadose zone pore 
water. Over a period of about 24 hours, 
approximately 660 gallons of 29 percent 
CPS were applied to infiltration trenches, 
followed by 2,500 gallons of water to 
disperse the chemical through the test 
zone. The wetting front was monitored and 
sampled with soil lysimeters installed in a 
basement wall (see figure above). Results 
during the first 30 days indicated that eight 
of the nine lysimeters used to monitor the 

test were impacted and demonstrated a  
90 percent reduction in Cr(VI) 

concentrations.

In the groundwater pilot 
test area, the aquifer at 
165 feet below surface 
was impacted by Cr(VI) 
concentrations of 240 mg/L, 
nitrates exceeding 400 mg/
L, and trichloroethene and 
other VOCs. Approximately 
9,000 gallons of 29 percent 
CPS were injected through 
an existing monitor well, 
followed by 79,000 gallons 
of water, at an average rate 
of 31 gallons per minute, 
to flush the well and 
push the reductant to an 

observation well at a distance 
of 30 feet across the regional 

hydraulic gradient. Downhole monitoring 
was conducted in the observation well using 
a multiparameter probe and depth-specific 
sampler. After 35 hours, breakthrough of CPS 
was indicated by a decrease in oxidation/
reduction potential (ORP) and an increase in 
pH and total dissolved solids. Concentrations 
of Cr(VI) in the observation well dropped 
from 240 mg/L to less than 1 mg/L shortly 
after ORP became negative. Mobilization of 
arsenic, iron, and manganese from aquifer 
solids due to the reducing conditions was 
not observed. In the observation well at the 
edge of the injected CPS footprint, rebound 
of Cr(VI) concentrations occurred after 115 
days. In the injection well at the center of 
the injected reductant, ORP has remained 
negative and Cr(VI) concentrations were 
below detection after 419 days. URS is 
proceeding with full-scale vadose zone 
application in the source area and plans a full-
scale groundwater remediation.
For more information, contact Peter Storch at 602-
861-7422 or Andrew Messer 520-407-2844.

Groundwater samples from an observation 
well: pretreatment (left) and day 9 of  
treatment (right).

→ ←

Vadose zone pilot test infiltration trenches and lysimeters.



8 • September/October 2003 • Southwest Hydrology

Siphon-Infiltration Trench  
Field-Tested in Albuquerque 
James A. Kelsey, Senior Scientist and John T. 
Kay, Hydrogeologist – Daniel B. Stephens & 
Associates

Daniel B. Stephens & Associates 
(DBS&A) recently designed and field-
tested a self-cleaning infiltration trench. 
DBS&A’s siphon-infiltration trench offers 
a low-cost, low-maintenance solution 
to the sedimentation and performance 
problems associated with traditional 
agricultural drains and other infiltration 
trenches. The trench intercepts surface 
runoff and diverts it to the subsurface, and, 
depending on the location, can result in 
increased groundwater recharge, decreased 
erosion, improved water quality, and 
improved riparian habitat. A siphon creates 
periodic, rapid-flow conditions that flush 
sediment out of the infiltration system, 
thus providing a self-cleaning function. 

With the assistance of the Albuquerque 
Metropolitan Arroyo Flood Control 
Authority (AMAFCA), DBS&A installed 
a 50-meter-long siphon-infiltration 
trench adjacent to an unlined arroyo in 
Albuquerque, New Mexico. The trench 
was outfitted with multiple flow meters 
and pressure transducers to monitor flow 
rates and water levels at different locations 
along the trench. Self-cleaning ability and 
infiltration potential are currently being 
monitored and assessed.

How It Works
As far as DBS&A has been able to 
ascertain, siphons have not previously 
been used in a similar infiltration 
application. Almost no relevant literature 

exists on this subject. The design and 
installation of this system were determined 
from bench-scale results obtained in the 
DBS&A laboratory.

The siphon-infiltration trench is essentially 
an infiltration trench connected to a siphon 
at the outlet, and consists of a perforated 
water supply line, gravel backfill, 
the surrounding soil, and the siphon 
mechanisms, as shown in the illustration 
above. As the infiltration trench fills, 
water replaces the air at the top of the 
siphon mechanism, activating the siphon. 
Once activated, the siphon flushes water 
from the trench under high velocities until 
the trench empties, at which point air 
enters the system and breaks the siphon. 
When the siphon breaks, the trench 
begins to refill, thus repeating the cycle. 
Infiltration of water into the surrounding 
vadose zone occurs continuously during 
each phase of the cycle.

Self-Cleaning Ability
For a trench to be self-cleaning, discharge 
velocities must be greater than the velocity 
of flow into the trench. The maximum 
observed inflow rate in DBS&A’s trench 
was approximately 0.62 meters per 
second (m/s). According to Stokes’ Law 
and the Impact Law (Gibbs and others, 
1971), this velocity will entrain a particle 
approximately 5 millimeters (mm) in 
diameter. During siphoning, observed 
velocities ranging from 1.33 m/s to 1.92 
m/s were observed (see chart on page 9). 
These velocities can be expected to flush 
particles larger than 16 mm in diameter.

During a controlled experiment conducted 
on Aug. 29, 2002, substantial amounts 
of sediment previously deposited in the 
trench were discharged from the siphon 
during the first cycle. It is estimated 
that approximately 1,300 kilograms (kg) 
(0.5 cubic meters) of sand and small 

Schematic diagram of a typical siphon-infiltration trench. The infiltration trench can be applied to 
most locations where diversion of surface water to the subsurface is desirable.

AMAFCA assists with construction of the trench
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gravel were flushed during this one cycle. 
To quantify the siphon’s capability to 
entrain particles further, known masses of 
different-sized particles were introduced to 
the trench during a controlled experiment 
conducted on Oct. 29, 2002. All sediment 
with a diameter less than 9.5 mm (40 kg) 

was discharged during one siphon cycle. 
Approximately 70 percent of the sediment 
with a diameter ranging from 9.5 to 19 
mm (20 kg) was discharged, and the 
remaining sediment was near the upper 
end of this range. 

Conclusions
The design of the siphon-infiltration 
trench is very flexible, making it suitable 
for a wide range of applications and site 
locations. Trench design must consider 
local flow regimes and potential sediment 
loads, and allow a period and magnitude 
of siphon discharge sufficient to prevent 
clogging. The design goal is to discharge 
only as much water as necessary to 
prevent the buildup of sediments, thus 
maximizing infiltration while maintaining 
long-term performance. A few of the 
applications for which siphon-infiltration 
trenches can be used are (1) increasing 
groundwater recharge, (2) vadose zone 
filtering and treatment of coliforms, 
pesticides, or other compounds, and (3) 
promoting plant growth to reduce erosion 
near unlined ephemeral waterways. 

Contact James Kelsey at jkelsey@dbstephens.com or 
John Kay at jkay@dbstephens.com.

Reference
Gibbs, R.J., M.D. Mathews, and D.A. Link. 1971. The 

relationship between sphere size and settling 
velocity. J. of Sed. Petr. 41:7-18.

Flow rates under siphoning and non-siphoning conditions. When water levels rise to an engineered 
height, the siphon is actuated. The three peaks in flow rate correspond to three separate siphoning 
events. After the trench drains, the siphon is broken, and water levels begin to rise again. 
Infiltration into the surrounding soil occurs continuously.

COMPANY HEADQUARTERS 

(877) 426-9355

NORTHERN CALIFORNIA

(800) 873-3073

SOUTHERN CALIFORNIA

(800) 974-2769  

ARIZONA

(800) 584-6471

NEW MEXICO

(800) 914-7506

NEVADA

(775) 753-4414 

ENVIRONMENTAL ❘ MINERAL ❘ WATER SUPPLY ❘ GEOTECHNICAL ❘ www.wdcexploration.com

WDC will present our drilling methods seminar at your office during a WDC 
provided lunch. 
Our seminar’s duration is about one hour and addresses the following topics:
•  Drilling Fundamentals
•  Site Safety
•  Air Rotary Casing Hammer (ARCH)
•  STRATEX Under-reaming Casing Advance
•  Continuous Core Casing Advance
•  Sonic Drilling
•  Mud Rotary
•  Large Diameter Reverse Circulation
•  Hollow Stem Auger

• Geothermal Heat Exchange Wells
•  Well Development & Abandonment
•  Depth Discreet Water Sampling
•  Permanent and Temporary Conductor   
 Casing Installation to Avoid Cross   
 Contamination When Drilling Through   
 Perched Water Bearing Zones.

WDC Exploration & Wells (formerly Water Development Corp. & THF Drilling) is a 53 year old environmental, water supply 
and geotechnical drilling company with offices in Elko, Sacramento, Los Angeles, Phoenix and Albuquerque. We have 50 
state of the art (all year 2000 or newer) rigs. WDC has drilled at virtually every superfund site, military base and landfill 
in the Western United States in addition to many commercial sites and gas stations. WDC offers exceptionally broad 
experience with multiple, complex drilling and well installation methods.

1O1DRILLING 

seminar!

NO GROUP IS TOO SMALL OR LARGE
Call a WDC office near you to reserve your next complimentary seminar!
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COST ESTIMATE SUMMARIES



Excavation and Off-Site Disposal – Conceptual Remedial Costs - Scenario 1

Task Description Costs Subtotal

Project Management, Permitting, Oversight, Reporting (20%) $424,000

Contingency (20%) $85,000

$509,000

Well Abandonment/Re-Installation $46,000

Contingency (20%) $9,000

$55,000

Shoring Design and Implementation (10,600 ft2 @ $60/ft2) $635,000

Contingency (20%) $127,000

$762,000

Excavation (6,600 yd3 @ 37.50/yd3) $248,000

Contingency (20%) $50,000

$298,000

Transportation and Disposal (9,900 tons Class III LF @ $50/ton) $495,000

Contingency (20%) $99,000

$594,000

Backfill and Compaction ($25/ton fill + $6/yd3 backfill/compact) $287,000

Contingency (20%) $57,000

$344,000
Site Restoration and Grading $55,000

Contingency (20%) $11,000

$66,000

Contractor Markup (10%) $212,000 $212,000

$2,800,000Conceptual Excavation and Off-Site Disposal Total



Excavation and Off-Site Disposal – Conceptual Remedial Costs - Scenario 2

Task Description Costs Subtotal

Project Management, Permitting, Oversight, Reporting (20%) $647,000

Contingency (20%) $129,000

$776,000

Well Abandonment/Re-Installation $46,000

Contingency (20%) $9,000

$55,000

Shoring Design and Implementation (10,600 ft2 @ $60/ft2) $635,000

Contingency (20%) $127,000

$762,000

Excavation (6,600 yd3 @ 37.50/yd3) $248,000

Contingency (20%) $50,000

$298,000

Transportation and Disposal (9,900 tons Class I LF @ $144/ton) $1,426,000

Contingency (20%) $285,000

$1,711,000

Backfill and Compaction ($25/ton fill + $6/yd3 backfill/compact) $287,000

Contingency (20%) $57,000

$344,000
Site Restoration and Grading $55,000

Contingency (20%) $11,000

$66,000

Contractor Markup (10%) $324,000 $324,000

$4,300,000Conceptual Excavation and Off-Site Disposal Total



LDA/ISCR and Off-Site Disposal – Conceptual Remedial Costs - Scenario 1

Task Description Costs Subtotal

Project Management, Permitting, Oversight, Reporting $321,000

Contingency (20%) $64,000

$385,000

Well Abandonment/Re-Installation $46,000

Contingency (20%) $9,000

$55,000
Mobilization/Demobilization $340,000

Contingency (20%) $68,000

$408,000
LDA/ISCR Pilot Test $60,000

Contingency (20%) $12,000

$72,000

LDA/ISCR (5,800 yd3 @ 161.50/yd3) $936,700

Contingency (20%) $187,000

$1,124,000

LDA/ISCR Production Contingency (580 yd3 @ 161.50/yd3) $94,000

Contingency (20%) $19,000

$113,000

Transportation and Disposal (1750 tons Class III LF @ $50/ton) $87,000

Contingency (20%) $17,000

$104,000
Site Restoration and Grading $55,000

Contingency (20%) $11,000

$66,000
Contractor Markup (10%) $176,000

$2,500,000Conceptual LDA/ISCR - 100% Class III Disposal Total



LDA/ISCR and Off-Site Disposal – Conceptual Remedial Costs - Scenario 2

Task Description Costs Subtotal

Project Management, Permitting, Oversight, Reporting $359,000

Contingency (20%) $72,000

$431,000

Well Abandonment/Re-Installation $46,000

Contingency (20%) $9,000

$55,000
Mobilization/Demobilization $340,000

Contingency (20%) $68,000

$408,000
LDA/ISCR Pilot Test $60,000

Contingency (20%) $12,000

$72,000

LDA/ISCR (5,800 yd3 @ 161.50/yd3) $936,700

Contingency (20%) $187,000

$1,124,000

LDA/ISCR Production Contingency (580 yd3 @ 161.50/yd3) $94,000

Contingency (20%) $19,000

$113,000

Transportation and Disposal (1750 tons Class III LF @ $144/ton) $250,560

Contingency (20%) $50,000

$301,000
Site Restoration and Grading $55,000

Contingency (20%) $11,000

$66,000
Contractor Markup (10%) $195,000

$2,800,000Conceptual LDA/ISCR - 100% Class I Disposal Total



Capping – Conceptual Remedial Costs - Scenario 1

Task Description Costs Subtotal

Project Management, Design, Permitting, Oversight (20%) $85,000

Contingency (20%) $17,000

$102,000

Well Abandonment/Re-Installation $46,000

Contingency (20%) $9,000

$55,000
Site Restoration and Grading $55,000

Contingency (20%) $11,000

$66,000

Cap Installation (17,000 ft2 @ $15/ft2) $255,000

Contingency (20%) $51,000

$306,000

Contractor Markup (10%) $43,000

$570,000

-20% $456,000.0

20% $684,000.0

Conceptual Capping Total
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GENERAL ORDER R4-2007-0019



 

                1                    December 27, 2004  
              Revised January 5, 2005  
              Revised February 1, 2005 
              Revised April 19, 2005 
              Revised November 17, 2006 
              Revised March 1, 2007 
 

 STATE OF CALIFORNIA 
 CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
 LOS ANGELES REGION 
 
 ORDER NO. R4-2007-0019 
 REVISED GENERAL WASTE DISCHARGE REQUIREMENTS 
 FOR 
GROUNDWATER REMEDIATION AT PETROLEUM HYDROCARBON FUEL, VOLATILE 

ORGANIC COMPOUND AND/OR HEXAVALENT CHROMIUM IMPACTED SITES 
 (FILE NO. 01-116) 
 
The California Regional Water Quality Control Board, Los Angeles Region (Regional Board) finds: 
 
1. Pursuant to Division 7 of the California Water Code, this Regional Board at a public hearing 

held on January 24, 2002, adopted the General Waste Discharge Requirements (WDRs) (Order 
No. R4-2002-0030) relative to the groundwater remediation at petroleum hydrocarbon fuel 
and/or volatile organic compound impacted sites.  Subsequent to adoption of the initial general 
waste discharge requirements (WDRs), these WDRs have been revised to include the use of 
ozone as a treatment compound and the application and use of trace materials.  

 
2. Since then, however, at sites throughout Los Angeles County, monitoring and municipal 

production wells have become polluted with dissolved hexavalent chromium.  From the 
Pacoima – Sunland area in the northeastern San Fernando Valley to the basin’s narrows in City 
of Los Angeles and from the northern edge of Central Basin to Long Beach, hexavalent 
chromium releases have threatened or have directly impacted monitoring or municipal supply 
wells.  

 
3. Table I (Attachment A) of Order R4-2007-0019 includes a list of materials that can be used for 

in-situ remediation purposes. Newly added remedial compounds for in-situ reduction are calcium 
polysulfide, ferrous sulfate, sodium dithionite, and bioremediation agents such as molasses, 
lactose, cheese whey or starch and emulsified oil have demonstrated that they can effectively 
convert hexavalent chromium to chromium III, a less toxic and more stable compound.  In 
addition, activated persulfate (Klozur TM) for chemical oxidation has proven to be effective for 
the remediation of petroleum impacted sites. The revised general WDRs are to include the above 
to the list of materials approved for in-situ remediation zone treatment purposes and include a 
brief list of tracer materials that can be utilized at sites to aid in determination of the effectiveness 
of clean up material application. 
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4. The California Water Code (CWC), section 13260, subdivision (a)(1) requires that any person 

discharging wastes, or proposing to discharge wastes other than into a community waste water 
collection system, which could affect the quality of the waters of the State, shall file a Report of 
Waste Discharge with the Regional Board.  The Regional Board shall then prescribe 
requirements for the discharge or proposed discharge of wastes.  

 
5 Section 13263, subdivision (i) of the CWC provides that a Regional Board may prescribe general 

waste discharge requirements for discharges produced by similar operations, involving similar 
types of wastes, and requiring similar treatment standards. 

 
6. The adoption of general WDRs for in-situ groundwater remediation/cleanup or the extraction of 

polluted groundwater with above ground treatment and the return of treated groundwater to the 
same aquifer zone would: a) simplify the application process for dischargers, b) allow more 
efficient use of Regional Board staff time, c) reduce Regional Board time by enabling the 
Executive Officer to notify the discharger of the applicability of the general WDRs, d) enhance 
the protection of surface water quality by eliminating the discharge of wastewater to surface 
waters, and e) provide a level of protection comparable to individual, site-specific WDRs.  
 

7. Petroleum hydrocarbon fuel, volatile organic compound and hexavalent chromium contaminated 
groundwater at various sites throughout the Los Angeles region and cause or threaten to cause 
adverse impacts to existing and potential beneficial uses of the region's groundwater resources. 
Remediation/cleanup of groundwater at these sites includes the use and application of chemical, 
biological, and physical treatment processes, such as, chemical oxidation, chemical reduction, 
oxygen enhanced process, nutrient or chemical addition for enhanced biodegradation, or 
groundwater pump and treat technology with the return of treated groundwater to the same aquifer 
zone in some cases.  

  
8. The application of any material to groundwater may result in unintended adverse impacts to 

groundwater quality.  Any potential adverse water quality impacts that may result will be 
localized, of short-term duration, and will not impact any existing or prospective beneficial uses 
of groundwater.  Groundwater quality will be monitored before addition of any materials, during 
treatment, and after treatment is completed to verify no long-term adverse impact to water quality.  

 
9. The implementation of in-situ cleanup may require a small-scale pilot testing program or 

demonstration study prior to the design and implementation of a full-scale remediation project.  
The discharges from the pilot test programs or demonstration study are also covered under these 
general WDRs. 
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10 The Regional Board adopted a revised Water Quality Control Plan (Basin Plan) for the Los 
Angeles Region on June 13, 1994. The Basin Plan contains water quality objectives and lists the 
beneficial uses of groundwater in the Los Angeles region.  Beneficial uses of groundwater in the 
Los Angeles region include, among others: municipal and domestic supply, industrial service and 
process supply, agricultural supply and groundwater recharge. Beneficial uses for individual 
hydrologic sub-areas are specified in the Basin Plan.  See Attachment B Table 3-10 water quality 
objectives for selected constituents in regional groundwaters.  

 
11 The release of petroleum hydrocarbon fuel, volatile organic compounds and hexavalent 

chromium, at many sites within the Los Angeles region affects only shallow groundwater sources. 
Many of the shallow groundwater zones contain general mineral content (total dissolved solids, 
chloride, and sulfate, etc.) in concentrations, which are considered to be naturally occurring and 
not the result of pollution that may exceed Basin Plan Objectives for these constituents. Treated 
groundwater that exhibits general mineral content that are naturally occurring and exceeds Basin 
Plan Objectives may be returned to the same groundwater formations from which it is withdrawn, 
with concentrations not exceeding the original background concentrations for the site.  

 
12. Treated groundwater that exhibits general mineral content that is naturally occurring and exceeds 

Surface Water Basin Plan Objectives must be treated if discharged into surface waters under a 
separate National Pollutant Discharge Elimination System (NPDES) Permit.  

 
13. The general WDRs are applicable to groundwater remediation projects at, petroleum hydrocarbon 

fuel, volatile organic compound and hexavalent chromium impacted sites. Depending on the 
Report of Waste Discharge, the Executive Officer determines the annual fee based on the threat to 
water quality and complexity of the discharge.  The general WDRs are to regulate groundwater 
discharges that have a threat to water quality of Category 3 and Complexity rating of A for a 
combined rating of 3-A. 

 
14. Discharges with a rating of 3-A contain pollutants that could degrade water quality or cause a 

minor impairment of designated beneficial uses within the application area of the receiving 
groundwater.  The discharges covered by these requirements will have a groundwater monitoring 
program to comply with requirements prescribed in this Order.  

 
15. The requirements contained in this Order were established by considering, and are consistent with, 

all the water quality control policies, plans, and regulations mentioned above and, if they are met, 
will protect and maintain the existing beneficial uses of the receiving groundwater. 

 
16. The permitted discharge is consistent with the antidegradation provisions of State Water 

Resources Control Board Resolution No. 68-16 (Anti-degradation Policy).  The impact on 
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existing water quality will not be significant in comparison to individual WDRs, and the 
general WDRs will improve the quality of the affected groundwater.  

 
17. These general WDRs are not intended to alter or supersede any existing restrictions or working 

arrangements relating to cleanup cases with local governmental agencies. 
 
18. In accordance with the Governor’s Executive Order requiring any proposed activity be reviewed 

to determine whether such activity will cause additional energy usage, this Regional Board has 
determined that implementation of these general WDRs will not result in a change in energy usage 
exceeding what would be used if site-specific WDRs were issued for cleanup at these sites. 

 
19. The Regional Board has prepared an Initial Study and Mitigated Negative Declaration for the 

issuance of these general WDRs in accordance with the provisions of the California 
Environmental Quality Act (CEQA).  

 
20. The Regional Board has notified interested agencies and persons of its intent to prescribe 

general WDR’s for the discharges covered under these general WDRs, and has provided them 
with an opportunity to submit their written views and recommendations for the requirements. 

 
21. The Regional Board, in a public meeting, heard and considered all comments pertaining to the 

tentative general WDRs. 
 
IT IS HEREBY ORDERED THAT dischargers authorized under this Order shall meet the provisions 
contained in Division 7 of the California Water Code, and regulations adopted here under, by complying 
with the following: 
 
A. ELIGIBILITY  
 

1. A discharger may seek coverage under this Order for: 
a. existing and future discharges to groundwater of remediation compounds from the 

cleanup of petroleum hydrocarbon fuel, volatile organic compound and/or 
hexavalent chromium impacted sites and similar discharges.   

b. re-injection, percolation or infiltration of treated groundwater from a pump and 
treat remediation system(s).   

 
2. To be covered under this Order, a discharge must meet the following criteria: 

a. The Executive Officer must find, based on the Report of Waste Discharge 
submitted pursuant to Provision C, that the groundwater discharges for which 
coverage under this Order are sought have a threat to water quality of Category 3 
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and Complexity rating of A for a combined rating of 3-A, using the rating criteria 
noted (see on the Regional Board website at: 
http://www.waterboards.ca.gov/losangeles/html/permits/fee_schedule/fee%20sche
dules%20(2004-005).pdf 

 
b. The discharger must have an approved Remediation Action Plan (RAP). The 

discharger shall submit a copy of the approved RAP including any conditions of 
implementation with the Report of Waste Discharge for application of the general 
WDRs.  At a minimum, the RAP shall include the following site-specific 
information:  

 
• The background water quality of the aquifer of the groundwater 

remediation site(s) including contaminant types, total dissolved solids, 
sulfates, chlorides, nitrogen (NH4, NO3, NO2), chemical oxygen demand, 
biological oxygen demand, phosphorus, pH, dissolved metals, nutrients, 
dissolved oxygen, dissolved carbon dioxide, methane, temperature, iron, 
and oxidation-reduction potential; 

• Information on any potential adverse impacts to groundwater quality, and 
whether the impacts will be localized and short-term; 

• The results of any pilot testing performed for the treatment technology to 
be used;  

• Site-specific geology (lithology and physical parameters) and 
hydrogeologic parameters, hydrologic report; 

• Infiltration rate; 
• Characterization and extent of petroleum hydrocarbon fuel, volatile 

organic compound and hexavalent chromium plume(s); 
• Description of the treatment system(s); 
• Adequate groundwater monitoring network with historical groundwater 

monitoring report; 
• Description of the aerial extent of the application area and identification of 

monitoring wells to be used to determine water quality upgradient, within 
the application area, downgradient from the application area and identify 
the compliance point; 

• Material Safety Data Sheet (MSDS) information and other product 
technical information for any materials to be used for cleanup; 

• Application rate(s), material type(s) and applied concentrations; and 
• Evaluation of loading rates for nitrogen compounds, total dissolved solids, 

sulfate, and chloride compounds. 
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c. The General Waste Discharge Requirements would allow the following materials 

to be used for in-situ remediation purposes: 
 

1. Oxidation/Aerobic Degradation Enhancement Compounds: 
• Fenton’s reagent (hydrogen peroxide, ferrous iron catalyst, and pH buffer)  
• Hydrogen peroxide 
• Potassium or sodium permanganate 
• Oxygen release compound (ORC) magnesium peroxide 
• Ozone 
• Activated Persulfate (Klozur TM) 

 
2. Reducing/Reductive Degradation Enhancement Compounds (Table I): 

• Calcium Polysulfide (Inorganic) 
• Ferrous Sulfate (Inorganic) 
• Ferrous Chloride (Inorganic) 
• Sodium Dithionite (Inorganic) 
• Zero-valent iron (Inorganic) 
• Bio-remediation (Organic) using: 

• Molasses,  
• Lactose,  
• Cheese Whey and/or  
• Starch  
• Sodium Lactate 
• Ethanol 
• Emulsified Oil 
• Corn Syrup 
• Hydrogen Release Compound (HRC)–{proprietary} 

 
 3. Inorganics/Nutrients: 

• Nitrate, ammonia, phosphate, vitamins 
 

 4.   Carbon Sources/Electron Donors: 
• Acetate, lactate, propionate, benzoate, oleate, ethanol, propanol, 

methanol, glucose, complex sugars such as molasses or corn syrup, other 
food process byproducts such as milk whey or yeast extract, other 
complex organic material such as wood chips 
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5. Study tracer compounds: 

• The tracer compounds shall be highly contrast and not reactive with 
current contaminants to be treated.  The tracers may be chloride-based 
and bromide-based salts, such as sodium-flouroscein, calcium chloride, 
sodium chloride, calcium bromide, sodium bromide, potassium bromide, 
potassium, iodide, Rhodamine WT, rhodamine (D), eosine, and fluoride 
salts, or similar materials as approved by the Executive Officer. 

 
3. In applying these general WDRs, the monitoring program shall address changes in 

geochemistry that may alter the potential occurrence of transference of chromium (III) 
into chromium (VI), or vice versa, during the oxidation or reduction process in the in-
situ remediation under these WDRs. 

 
4. For the purpose of renewal of existing individual requirements with these general WDRs, 

provided that all the conditions of these general WDRs are met, renewal is effective upon 
issuance of a notification by the Executive Officer and issuance of a new monitoring and 
reporting program. 

 
5. When the individual WDRs with more specific requirements are issued to a discharger, 

the applicability of this Order to that discharger is automatically terminated on the 
effective date of the individual WDRs. 

 
B. AUTHORIZATION 
 
 To be authorized to discharge under this Order, the discharger must submit a Report of Waste 

Discharge in accordance with the requirements of Part C of this Order.  Upon receipt of the 
application, the Executive Officer shall determine the applicability of this Order to such a 
discharge and the completeness of the application package.  If the discharge is eligible, the 
Executive Officer shall notify the discharger that the discharge is authorized under the terms and 
conditions of this Order and prescribe an appropriate monitoring and reporting program.  For new 
discharges, the discharge shall not commence until receipt of the Executive Officer's written 
determination and the discharger receives general WDRs to include a site specific monitoring and 
reporting program. 

 
C. REPORT OF WASTE DISCHARGE 
 
 1. Deadline for Submission 
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  a. Renewal of permits of existing dischargers covered under individual WDRs that 
meet the eligibility criteria in Part A and have submitted Report of Waste 
Discharge will consist of a letter of determination from the Executive Officer of 
coverage under this Order. 

 
  b. New dischargers shall file a complete application to include all information 

identified in Items A1, A2 and as above at least 60 days before planned 
commencement of any discharge.  

 
 2. Forms for Report of Waste Discharge 
 
  a. Dischargers shall use the appropriate forms (Standard Form 200) or equivalent 

forms approved by the State Water Resources Control Board or the Executive 
Officer of the Los Angeles Regional Board. 

  b. The discharger, upon request, shall submit any additional information that the 
Executive Officer deems necessary to determine whether the discharge meets the 
criteria for coverage under this Order, and/or in prescribing an appropriate 
monitoring and reporting program. 

c. The Report of Waste Discharge shall be accompanied by the first annual fee (if 
appropriate) in accordance with the current version of California Code of 
Regulation, Title 23, Division 7, Chapter 9, Waste Discharge Report and 
Requirements Article 1 fees for a discharge.  The check or money order shall be 
made payable to the "State Water Resources Control Board."  

 
D. DISCHARGE PROHIBITIONS 
 

1. The discharge of wastes other than those which meet eligibility requirements in Part A of 
this Order is prohibited unless the discharger obtains coverage under another general 
permit or an individual site specific permit that regulates the discharge of such wastes. 

 
2. The discharge of any radiological, chemical, or biological warfare agent or high level 

radiological waste is prohibited. 
 

3. Creation of a pollution, contamination, or nuisance, as defined by section 13050 of the 
California Water Code (CWC), is prohibited. 

 
4. The surfacing as overflow of wastes from the treatment system at any time and at any 

location is prohibited. 
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5. The disposal of wastes in geologically unstable areas or so as to cause earth movement is 
prohibited. 
 

E. DISCHARGE LIMITATIONS 
 

1. The discharge of wastes shall not cause the pH of the receiving groundwater at the 
compliance point, downgradient outside the application area, beyond the range of 6.5 and 
8.5. 

 
2. The discharge of wastes shall not cause the mineral constituents of the receiving 

groundwater at the compliance point, downgradient outside the application area, in excess 
of applicable limits given in Attachment A.  In the letter of determination, the Executive 
Officer shall indicate the groundwater limitations in Attachment An applicable to the 
particular discharge, and identify the compliance point(s) for the site. 

 
3. The discharge of wastes shall not cause the concentrations of chemical constituents and 

radionuclides of the receiving groundwater designated for use as domestic or municipal 
supply at the compliance point, downgradient outside the application area, in excess of the 
Maximum Contaminate Levels (MCLs) specified in the following provisions of Title 22 
of the California Code of Regulations which are incorporated by reference into the Basin 
Plan: Table 64431-A of section 64431 (inorganic chemicals), Table 64431-B of section 
64431 (fluoride), Table 64444-A of section 64444 (organic chemicals), and Table 4 of 
section 64443 (radioactivity). This incorporation by reference is prospective including 
future changes to the incorporated provisions as the changes take effect. 

 
4. Waste discharged shall not cause the concentration of coliform organisms over any seven 

days period greater than 1.1/100ml. 
 

5. Waste discharged shall not contain salts, heavy metals, or organic pollutants at levels that 
would cause receiving groundwater at the compliance point, downgradient outside the 
application area, to exceed the water quality objectives for groundwater or groundwater 
that may be in hydraulic connection with surface waters designated for marine aquatic life 
or body contact recreation. 

 
6. Waste discharged shall not cause the groundwater to contain concentrations of chemical 

substances or its by-products in amounts that adversely affect any designated beneficial 
use, outside the application area or treatment zone at the compliance point(s). 
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7. Waste discharged shall not cause the groundwater to contain residual taste or odor in 
concentrations that cause nuisance or adversely affect beneficial uses, outside the 
application area or treatment zone at the compliance point(s). 

 
8. Waste discharged shall not cause the groundwater to contain in amounts that cause 

nitrogen as nitrate-nitrogen plus nitrite-nitrogen (NO3-N+NO2-N), 45 mg/L as Nitrate 
(NO3), 10 mg/L as nitrate-nitrogen (NO3-N), or 1 mg/L as nitrite-nitrogen (NO2-N), 
outside the application area or treatment zone at the compliance point(s). 
 

F. PROVISIONS 
 
1. The Executive Officer may require any discharger authorized under this Order to apply for 

and obtain individual WDRs with specific requirements. The Executive Officer may 
require any discharger authorized to discharge under this permit to apply for individual 
WDRs only if the discharger has been notified in writing that a permit application is 
required. This notice shall include a brief statement of the reasons for this decision, an 
application form, a statement setting a deadline for the discharger to file the application, 
and a statement that on the effective date of the individual requirements, the authority to 
discharge under this General WDRs are no longer applicable. 

 
2. This Order includes the attached "Tentative Standard Provisions Applicable to Waste 

Discharge Requirements." (Attachment C)  If there is any conflict between provisions 
stated herein before and the attached "Standard Provisions," those provisions stated 
herein shall prevail.  

 
3. Adequate facilities shall be provided to divert surface and storm water away from the 

application area and/or treatment system and areas where any pollutants are stored. 
 

4. The application of materials or the re-injection of treated groundwater shall only be at a 
site owned or controlled by the discharger. 

 
5. All work must be performed by or under the direction of a registered civil engineer, 

registered geologist, or certified engineering geologist.  A statement is required in all 
technical reports that the registered professional in direct responsible charge actually 
supervised or personally conducted all the work associated with the project. 

 
6. The discharge of wastes to or infiltration to a surface water system must be covered by 

separate WDRs under the National Pollution Discharge Elimination System (NPDES) 
permit. 
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7. This Order does not alleviate the responsibility of discharger to obtain other necessary 

local, state, and federal permits to construct facilities necessary for compliance with this 
Order; nor does this Order prevent imposition of additional standards, requirements, or 
conditions by any other regulatory agency. Additionally, the discharger shall notify the 
Native American Heritage Commission of any plans to disturb the soil in order to 
comply with California Environmental Quality Act (CEQA) guidelines as set forth in 
Section 15064.5(b)(c). Furthermore the discharger is required to provide local 
information prior to excavation to the California Historic Resources Information Center 
(CHRIS). This will serve as their due diligence record search to provide proximity to 
Native American historical and archeological resources. The discharger shall also be 
required to adhere to California Health and Safety Code Section 7050.5, Public 
Resources Code Section 5097.98, CEQA Section 15064.5(d) and Section 15064.5 (f) to 
ensure that mitigation plan provisions are in-place to identify, evaluate and consult with 
your commission about the discovery and disposition of any recovered human remains 
or artifacts, should the occasion arise, during the remediation process overseen by this 
agency.  

 
8. The discharger shall notify Regional Board staff by telephone within 24 hours, followed 

by written notification within one week; in the event it is unable to comply with any of 
the conditions of this Order due to: 

 
a) Breakdown of waste treatment equipment, 
b) Accident caused by human error or negligence, 
c) Other causes such as acts of nature, or 
d) Site construction or development operations. 

 
9. Any discharger authorized under this Order may request to be excluded from coverage of 

this Order by applying for an individual permit. 
 
10. In accordance with section 13263(e) of the California Water Code, these requirements are 

subject to periodic review and revision by the Regional Board within a five (5) year cycle. 
 

11. In accordance with Water Code section 13263(g), these requirements shall not create a 
vested right to continue to discharge and are subject to rescission or modification.  All 
discharges of waste into waters of the state are privileges, not rights. 

 
12. The discharger shall develop a contingency plan and maintain it on site.  The contingency 

plan shall detail appropriate actions to be taken in order to protect human health and the 
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environment in case of any spill or failure related to the operation or mis-operation of the 
treatment system.  

 
G. MONITORING AND REPORTING REQUIREMENTS 
 
 1. The Executive Officer is hereby authorized to prescribe a Monitoring and Reporting 

Program for each authorized discharger.  This program may include participation of the 
discharger in a regional monitoring program. 

 
2. The discharger shall file with the Regional Board technical reports on self-monitoring 

work conducted according to the Monitoring and Reporting Program specified by the 
Executive Officer and submits other reports as requested by the Regional Board. 

 
3. The discharger shall retain records of all monitoring information and data used to 

complete the Report of Waste Discharge and application for coverage under this Order for 
at least five years from the date of permit issuance.  The retention period shall be extended 
during any unresolved litigation regarding the discharge or when requested by the 
Executive Officer. 

 
 4. The discharger shall maintain all sampling, measurement and analytical results, including 

the date, exact place, and time of sampling or measurement; individual(s) who did the 
sampling or measurement; the date(s) analyses were done; analysts' names; and analytical 
techniques or methods used. 

 
5. All sampling, sample preservation, and analyses must be conducted according to test 

procedures under title 40 Code of Federal Regulations, section 136, unless other test 
procedures have been specified in this Order or by the Executive Officer. 

 
6. All chemical, bacteriological, and bioassay analyses shall be conducted at a laboratory 

certified for such analyses by the California Department of Health Services Environmental 
Laboratory Accreditation Program (CDHS-ELAP) or other state agency authorized to 
undertake such certification. 

 
7. The discharger shall calibrate and maintain all monitoring instruments and equipment to 

insure accuracy of measurements, or shall insure that both activities will be conducted. 
 
 8. In reporting the monitoring data, the discharger shall arrange the data in tabular form so 

that the date, constituents, and concentrations are readily discernible.  The data shall be 
summarized to demonstrate compliance with waste discharge requirements. Laboratory 



Groundwater Remediation at                                File No. 01-116 
Petroleum Hydrocarbon Fuel, Volatile Organic Compound  
And / or Hexavalent Chromium Impacted Sites 
Order No. R4-2007-0019 
 

 

  

13

analytical data from any soil testing and/or groundwater monitoring shall be reported in 
Electronic Deliverable Format in accordance with California Water Code section 13195 
et. seq. requirements, if applicable. 

 
 9. For every item where the requirements are not met, the discharger shall submit a statement 

of the actions undertaken or proposed that will bring the discharge into full compliance 
with requirements at the earliest time and submit a timetable for correction. 

 
10. The discharger shall file a report of any material change or proposed change in the 

character, location or volume of the discharge. 
 

11. The discharger shall notify this Regional Board within 24 hours by telephone of any 
adverse condition resulting from the discharge; such notification shall be affirmed in 
writing within five working days. 

 
12. Whenever wastes, associated with the discharge under this Order, are transported to a 

different disposal site, the following shall be reported in the monitoring report: type and 
quantity of wastes; name and address of the hauler (or method of transport if other than by 
hauling); and location of the final point(s) of disposal. 

 
13. Each monitoring report must contain an affirmation in writing that: 

 
   "All analyses were conducted at a laboratory certified for such analyses by              

                                  and in accordance with current USEPA procedures or as 
specified in this Monitoring and Reporting Program." 

 
14. Each report shall contain the following completed declaration: 

 
 "I declare under penalty of law that this document and all attachments were prepared 

under my direction or supervision in accordance with a system designed to assure that 
qualified personnel properly gather and evaluate the information submitted.  Based on my 
inquiry of the person or persons who managed the system or those directly responsible for 
gathering the information, the information submitted, is, to the best of my knowledge and 
belief, true, accurate and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and imprisonment for 
knowing violations. 
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1 INTRODUCTION

___________________________________________________________________________________

This Transportation and Disposal Plan has been prepared as part of the Final Remedial

Action Plan (RAP) for the Spirito Family Trust parcel, defined by the legal description

included in Appendix A of the RAP, and located at 4057 and 4059 Goodwin Avenue, in

the City of Los Angeles, Los Angeles County, California (the Site). This Plan includes

requirements intended to address the reduction of risks to human health and the

environment posed by the presence of soil impacted with elevated concentrations of

chemicals of concern (COCs), which include certain volatile organic compounds (VOCs)

and metals designated as chemicals of concern (COCs), or chemicals of potential

concern (COPCs) in soil beneath the Site.

The RAP has been prepared as a remedial alternative selection document according to

the requirements of Health and Safety Code Section 25356.1, as specified in Senate Bill

1706 (Stats. 1994, Chapter 441). In addition, two guidance documents were used to

develop this RAP: the United States Environmental Protection Agency (US EPA)

Guidance on Conducting Non-Time Critical Removal Actions under Comprehensive

Environmental Response, Compensation and Liability Act (CERCLA; U.S. EPA, 1993);

and the Department of Toxic Substances Control (DTSC) memorandum on Removal

Action Workplans, dated September 23, 1998.

The RAP proposes the use of large diameter augers (LDAs) for mixing calcium

polysulfide (CaSx) into soil for in-situ chemical reduction (ISCR) and mobility reduction,

followed by cement stabilization for added reduction of mobility, and then off-Site

transportation and disposal of swell material from the Site. There is the possibility that

impacted soil may also be transported off Site for disposal. The remedial action is being

conducted to prevent, minimize, or mitigate potential impact to public health and the

environment, as required by the CERCLA.

This Transportation and Disposal Plan describes waste disposal procedures that will be

implemented at the Site, including waste characterization for disposal, waste material

documentation, tracking, handling, management, stockpiling, temporary storage and all

related activities required to remove, transport, and dispose of contaminated material in
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accordance with Federal, State and local regulations including United States

Department of Transportation (DOT) and US EPA.

1.1 BACKGROUND

The Site is defined by the legal description included in Appendix A of the RAP. The Site

is located at 4057 Goodwin Avenue, in the City of Los Angeles, California (the Site has

a post office address of Glendale, California 90039). The rear (northern) portion of the

Site has also been known in the past as “4059 Goodwin Avenue.” The Site is referred

to as Los Angeles County Assessor’s Parcel Number (APN) 5593-020-020, as shown

on the assessor’s parcel map attached in Appendix D of the RAP, and is located on the

north side of Goodwin Avenue northwest of the termination of Brunswick Avenue.

A vacated former northward extension of Brunswick Avenue adjoins the Site to the east.

The vacated street was formerly used by the Excello Plating Co., Inc. (Excello) as an

employee parking lot, but is not part of the parcel owned in fee by The Spirito Family

Trust and is not considered to be part of the Site.

A plating facility operated by Excello was located on the southern portion of the Site

(4057 Goodwin Avenue), and an older plating facility was located on the rear, northern

portion of the Site (4059 Goodwin Avenue). Operations at these two plating facilities

resulted in the release of VOCs and metals to vadose zone soil beneath the Site, as

documented by past assessments. Groundwater beneath the Site is also impacted with

some of the VOCs and metals present in Site vadose zone soil. Furthermore,

metals-contaminated groundwater (primarily with hexavalent chromium [Cr6+]) has

affected US EPA extraction well GS-3, which is one of four extraction wells near

Goodwin Avenue. This well operates as part of the regional remedy for VOC-impacted

groundwater in the Glendale South Operable Unit (GSOU) of the San Fernando Valley

Superfund Site.

The Spirito Family Trust is the present owner of the Site and has been deemed by the

Los Angeles Regional Water Quality Control Board (LARWQCB) to be the Responsible

Party for Site cleanup, as indicated in documentation that includes a September 25,

2007 revised Corrective Action Order (CAO) prepared by LARWQCB. The RAP was
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submitted on The Spirito Family Trust’s behalf, but The Spirito Family Trust has

reported that it has insufficient financial assets to pay for a Site cleanup that will meet

regulatory requirements. A prospective purchaser of the Site has indicated a

willingness to perform a regulatory-approved remediation of vadose soil beneath the

Site to accommodate its use of the Site’s surface, providing that such a cleanup can be

performed on acceptable terms.

1.2 PURPOSE AND OBJECTIVE

The purpose of this Transportation and Disposal Plan is to reduce potential health,

safety, and environmental risks resulting from the movement of soil and/or equipment

during Site cleanup. The objective is the performance of the proposed work tasks in a

manner that provides efficient use of time and resources, and maintains the safety of

Site workers and the public.

1.3 TRAINING REQUIREMENTS

DOT Basic Hazardous Materials (HazMat) Employee training, HM-181, is required for

any person involved in the transportation of hazardous waste and/or signing of

hazardous waste manifests (see 49 CFR § 172.704 [Subpart H]). Contractors will take

the basic hazmat employee training and renew the training as necessary to meet DOT

requirements for hazardous waste transportation.

All employees and contractors working on Site will have the appropriate Occupational

Safety and Health Administration (OSHA) hazardous waste operations (HAZWOPER)

training and annual refresher training specified in 29 CFR § 1910.120.
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2 CHARACTERISTICS AND QUANTITY OF WASTE TO BE TRANSPORTED

___________________________________________________________________________________

As indicated in Kleinfelder’s Supplemental Site Assessment dated November 26, 2008,

soils encountered during drilling at the Site consisted primarily of sands and silty sands,

with lesser amounts of silty clay and clayey silt. The near-surface soils were generally

loose to medium dense, while the deeper soils were dense to very dense. Soils below

approximately 20 feet below ground surface (bgs) were noticeably coarser.

The material to be transported will generally consist of these soils treated by CaSx and

stabilized with cement. The material will have been impacted, at varying

concentrations, with cadmium, Cr6+, total chromium, and/or nickel. VOCs may also be

present in the treated swell material. A volume of approximately 5,800 cubic yards of

soil is targeted for treatment via LDA/ISCR removal, which will generate approximately

1,000 to 2,500 cubic yards (cy) or approximately 1,500 to 3,750 tons of swell material.

The soil may not exhibit visual evidence of the contamination detected by laboratory

analysis.

2.1 ESTIMATED WASTE QUANTITY

Approximately 1,500 to 3,750 tons of swell material will be generated (in two waste

streams) during remediation activities. One waste stream will be non-hazardous swell

material (soil treated with CaSx and cement). The non-hazardous soil will be

transported for disposal to the Lancaster Landfill, an approved Class III solid waste

landfill facility located in the City of Lancaster, Los Angeles County, California. For the

purposes of this document, the estimated quantity of non-hazardous soil is

approximately 1,225 tons. The other waste stream will be Class I hazardous swell

material. This material will be transported for disposal at the Kettleman Hills Landfill or

the Buttonwillow Landfill, in Kings and Kern County, California, respectively. Both

landfills are State of California-approved disposal facilities. For the purposes of this

document, the estimated quantity of Class I swell material is approximately 1,225 tons.



101942/IRV10R214 Page 5 of 16 September 30, 2010
Copyright 2010 Kleinfelder

2.2 WASTE PROFILING

It is anticipated that some level of characterization will be needed for final approval of

disposition of the RCRA hazardous waste soils. Soils intended for disposal will be

sampled and sent to the laboratory for analysis, and submitted to the disposal facilities

as required for their independent analyses. The analytical results, along with a

completed waste profile form, will be submitted to the appropriate disposal facilities for

approval and disposal of waste. Once approval from the disposal facility is obtained,

the waste will be eligible for transportation to the disposal facility.

Approval for Class III disposal of the non-hazardous swell material will be acquired on

the basis of the sampling and analyses that have been performed during the LDA/ISCR

treatment phase of work. The analytical results, a map showing sampling locations, and

waste profiles will be submitted to the disposal facility for evaluation and approval.

2.3 REGULATORY REQUIREMENTS FOR TRANSPORTATION AND DISPOSAL

Waste materials will be directly loaded into off-Site transportation vehicles, or stockpiled

on Site and subsequently loaded into off-Site transportation vehicles. Each

transportation vehicle will have a transporter’s permit, pursuant to the provisions set

forth in applicable State regulations. Manifesting and transportation of all hazardous

waste will be in accordance with 40 CFR Part 263. The supervising consultant will be

responsible for providing complete and accurate manifests for The Spirito Family Trust

(TSFT) signature. The completed manifest will accompany all shipments of hazardous

waste while in transit.

Transportation of non-hazardous regulated waste will be in accordance with DOT

regulations 49 CFR 172. Non-hazardous waste will be transported under a standard

non-hazardous waste manifest.
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3 DESTINATION OF WASTE

___________________________________________________________________________________

The excavated soil or swell material will be transported to the Lancaster Landfill, in

Lancaster, Los Angeles County, California; Kettleman Hills Landfill in Kettleman City,

Kings County, California; or the Buttonwillow Landfill, in Buttonwillow, Kern County,

California.

The swell material with the lower leachable concentrations of COCs will be transported

to:

 Lancaster Landfill (Class III landfill) at: 600 East Avenue F
Lancaster, CA 93535.

This is a distance of 71 miles from the site, and a driving time of about 82 minutes each

way. It is anticipated that approximately 60 loads of swell material, or 1,225 tons, will be

transported to this site.

The soil with the higher leachable concentrations of COCs will be transported to:

 Chemical Waste Management, Inc. (CWMI)
Kettleman Hills Landfill (Class I landfill) at: 35251 Old Skyline Road

Kettleman City, CA 93239

This is a distance of 171 miles from the site, and a driving time of about 3 hours each

way.

And/or, the soil with the higher leachable concentrations of COCs will be transported to:

 Buttonwillow Landfill (Class I landfill) at: 41751 Sullivan Road
Buttonwillow, CA 93206

This is a distance of 123 miles from the Site, and a driving time of about 2 hours 15

minutes each way.
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We anticipate that approximately a total 60 loads of swell material, or 1,225 tons, will be

transported to one of these sites, or a portion of this total will be transported to each of

these sites.
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4 TRANSPORTATION MODE

___________________________________________________________________________________

Transportation of soil removed from the Site will be by an approved, properly licensed,

trucking contractor. Personnel transporting wastes off Site will be trained in accordance

with 49 USC § 1805(b) and 29 CFR 1910. Waste will be transported using DOT-

approved shipping containers in accordance with 49 CFR Parts 171, 172, 173, 177,

178, 179, and other applicable local, State, and Federal transportation guidelines.

Haulers will follow applicable requirements in 49 CFR Parts 174 through 177 with

regard to loading, unloading, and general handling.

Trucks will be weighed on Site using axle scales attached to the vehicles or rollover

scales. Once filled, trucks will be covered with fixed covers, tarpaulins or other means

to prevent fugitive dust. Each truck will be visually inspected for proper loading,

covering/sealing, decontamination, placarding, and manifesting prior to leaving the Site.

Bulk solid debris will be removed from each truck by scraping with shovels or other

implements prior to the truck leaving the Site. Trucks may be pressure-washed prior to

exiting the Site; however, pressure-washing will be used only if other methods are not

acceptable, as this method requires containerizing wash liquids. Truck decontamination

will be conducted near the Site entrance. Rinse water will be collected and retained in

drums or other container type(s) for analysis and disposal.

Hazardous waste soil shipped to Kettleman Hills Landfill or Buttonwillow Landfill will be

shipped under a hazardous waste manifest. Non-hazardous waste soil shipped to

Lancaster Landfill will be shipped under a non-hazardous waste bill of landing. Records

of all waste material hauled off Site will be maintained in the project files. These and

other requirements are described below.

Transportation of hazardous wastes off Site will be in accordance with DOT regulations

in 49 CFR and the California Hazardous Waste Control Law (Health and Safety Code §

25100 et seq.; 22 CCR § 66428 et Seq.). Hazardous waste haulers will have a valid

Department of Health Services registration and will satisfy the following requirements:
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 Vehicles will have passed an annual inspection.

 Vehicle operators will be trained in the safe handling of the waste.

 Haulers will maintain the ability to pay damages caused by their operations

through proper insurance coverage.

 Haulers will have licenses issued by the California Highway Patrol (CHP) for the

transportation of hazardous materials.

 Haulers will have EPA identification numbers.

 Haulers will comply with the Uniform Hazardous Waste Manifest System.

 Haulers will take certain actions in response to hazardous waste discharges

during transport (i.e., covering the load to prevent the discharge of

dust/particulates into the atmosphere during hauling).

Vehicles transporting hazardous wastes will be placarded according to DOT

requirements. The appropriate placard will be selected based on its hazard class

specified in 49CFR Part 173. Containers will be labeled as specified in 49CFR 172.102

Subpart E.

4.1 HAZARDOUS WASTE SHIPMENT

Hazardous waste transportation routes are selected to satisfy a number of criteria. A

primary concern is to keep the trucks on modern, well maintained roads to decrease the

chance of an accident. This objective is tempered somewhat by the need to avoid

possible public exposure (residential areas), heavy traffic, and hazardous road

conditions. The routes selected for this project are discussed in Sections 5.2 and 5.3.

4.2 NON-HAZARDOUS WASTE SHIPMENT

Non-hazardous waste transportation routes were selected to satisfy a number of

criteria. A primary concern is to keep the trucks on modern, well maintained roads to

decrease the chance of an accident. This objective is tempered somewhat by the need

to avoid possible public exposure (residential areas), heavy traffic, and hazardous road

conditions. The route selected for non-hazardous waste is discussed in Section 5.4.
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4.3 REQUIREMENTS OF TRANSPORTERS

A combination of transporters may be used for transporting swell material to the

disposal facilities. The non-hazardous swell material removed from the Site will be

transported in bulk, using 18-wheel dump trailers, each with a capacity of 20-25 tons of

soil per load. Transporters hauling hazardous swell material from the Site will each

have a capacity of approximately 20 to 25 tons per load. Prior to leaving the Site, the

trucks will be covered and secured with a tarping system that completely extends over

the top of the trailer. Prior to trucks leaving the Site, they will be inspected to ensure

that no soil has spilled on the sides or tires of the truck. If swell material is found, it will

be dry-broom swept off the truck and removed from tires. If needed, the truck tires will

be washed with a high pressure power wash. It is not anticipated that trucks will require

cleaning prior to leaving the Site, since the trucks will remain on a clean gravel-overlain

area and draped to prevent contact from the contaminated swell material.
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5 TRANSPORT ROUTES

___________________________________________________________________________________

5.1 ROUTE SELECTION CRITERIA

Routes are selected to satisfy a number of criteria. A primary concern is to keep the

trucks on modern, well maintained roads to decrease the chance of an accident. This

objective is tempered somewhat by the need to avoid possible public exposure

(residential areas), heavy traffic, and hazardous road conditions. The routes are

selected below.

5.2 ROUTE TO LANCASTER LANDFILL

The primary route for the vehicles will be via the surface roads as shown on Figure 1,

and described below:

 Exit north on West San Fernando Road.

 Proceed west on Colorado Street.

 North on Edenhurst Avenue.

 Enter the Colorado Street Freeway (Highway 134), which connects to

northbound Golden State Freeway (Interstate 5).

 Continue north on Interstate 5 to northbound Antelope Freeway (State Route 14)

to Lancaster/Palmdale

 Proceed on State Route 14 to Exit 46 for Avenue G.

 Turn right at West Avenue G.

 Turn left at Division Street.

 Turn right at East Avenue F and proceed approximately 400 feet.

 Turn right into the Lancaster Landfill.

It is estimated that a one-way trip, including 30 minutes of weigh-in and processing, will

take approximately 1 hour and 40 minutes. It is anticipated that 60 end-dump trucks will

make one trip to transport the approximately 1,225 tons of swell material. Three days

will be required to complete the transportation of the material. Trucks will load

throughout the morning and continue until all of the soil is loaded for transport.
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5.3 ROUTE TO KETTLEMAN HILLS LANDFILL

The primary route for the vehicles will be via the surface roads, as shown on Figure 2

and described below:

 Exit north on West San Fernando Road.

 Proceed west on Colorado Street.

 North on Edenhurst Avenue to Colorado Street Freeway (Highway 134), which

connects to northbound Golden State Freeway (Interstate 5).

 Continue north on Interstate 5 to Exit 309 (State Route 41 South); turn left.

 Turn right at Old State Highway and proceed to Kettleman Hills Landfill.

It is estimated that a one-way trip, including 30 minutes of weigh-in and processing, will

take approximately 3 hours and 30 minutes. If a portion of the soil is not being disposed

at Buttonwillow Landfill, it is anticipated that 60 end-dump trucks will make one trip to

transport the approximately 1,225 tons of swell material. Three days will be required to

complete the transportation of the material. Trucks will load throughout the morning and

continue until all of the soil is loaded for transport.

5.4 ROUTE TO BUTTONWILLOW LANDFILL

The primary route for the vehicles will be via the surface roads, as shown on Figure 3

and described below:

 Exiting north on West San Fernando Road.

 Proceed west on Colorado Street.

 North on Edenhurst Avenue to Colorado Street Freeway (Highway 134), which

connects to northbound Golden State Freeway (Interstate 5).

 Continue north on Interstate 5 to Exit 309 (State Route 41 South); turn left.

 Turn right at Old State Highway and proceed to Buttonwillow Landfill.

It is estimated that a one-way trip including 30 minutes of weigh-in and processing will

take approximately 2 hours and 40 minutes. If a portion of the soil is not being

disposed at Kettleman Hills Landfill, then it is anticipated that 60 end dump trucks will
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make one trip to transport the approximately 1,225 tons of swell material. Three days

will be required to complete the transportation of the material. Trucks will load

throughout the morning and continue until all of the soil is loaded for transport.
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6 TRAFFIC CONTROL AND LOADING PROCEDURES

___________________________________________________________________________________

Because the work area occupies both commercial and residential zones at the end of a

paved street, it is anticipated there will be a need for traffic control measures. Vehicles

will enter and exit the Site from West San Fernando Road. Flagmen may be required at

the point of ingress/egress when trucks enter the property so that no danger to or from

oncoming traffic is present. Because there is ample open area in the vicinity of the

proposed excavation area, it is anticipated that truck staging will occur on Site, close to

the excavation activities. We do not anticipate that trucks will be staged outside of the

Site.

Vehicles will not be allowed to idle for longer than approximately three minutes to

reduce air emissions.
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7 RECORD KEEPING

___________________________________________________________________________________

Hazardous waste transportation will comply with the California Vehicle Code (CVC);

California Highway Patrol (CHP) Regulations (13 CCR); the California State Fire

Marshal Regulations (19 CCR); DOT Regulations, Title 49, Code of Federal Regulations

(49 CFR); the California Health and Safety Code (HSC), and 22 CCR. These

requirements include keeping of appropriate records during transportation activities, and

provisions that:

 The transporter will have proof of valid registration as a hazardous waste

transporter (HSC Section 25163) on the transporting vehicle.

 A Uniform Hazardous Waste Manifest (or bill of lading if non-hazardous),

properly completed and signed by the generator and the transporter (22 CCR

Section 66263.20[a]):

o The Uniform Hazardous Waste Manifest/bill of lading will identify the date,

time, weight/volume, waste/material, transporting company, driver, and

vehicle for each trip made.

o The driver will have a manifest in his or her possession while transporting

the hazardous waste (HSC Section 25160[d][1]).

 The generator will retain a copy of the manifest of every truckload leaving the

Site.

A summary of the analytical results representing the load, and maps showing the

proposed route to the disposal facility will accompany each truckload. California Senate

Bill 1257 requires that drivers must open the doors at the direction of a peace officer, an

authorized employee of the CHP, the DTSC Certified Unified Program Agencies, and

local health officers. The law also requires working two-way communications devices in

all vehicles used for the transportation of hazardous wastes or hazardous materials.



101942/IRV10R214 Page 16 of 16 September 30, 2010
Copyright 2010 Kleinfelder

A field logbook will be maintained during the removal action activities. The date, time,

volume, trucking company, driver, and vehicle used for each trip will be gathered and

maintained in the logbook. This logbook will additionally serve to document

observations, personnel on Site, equipment arrival and departure times, a truck exit

inspection checklist, and other project information. Invoices from the trucking

companies will have weight information for each load.

Field logbooks will document where, when, how, and from whom any vital project

information is obtained. Logbook entries will be complete and accurate enough to

permit reconstruction of field activities. Logbooks will be bound with consecutively

numbered pages. Each page will be dated and the time of entry notice in 24-hour

format. All entries will be legible, written in black ink, and signed by the individual

making the entries. Language will be factual, objective, and free of opinions or

inappropriate terminology. If an error is made, corrections will be made by crossing a

line through the error and entering the correct information. Corrections will be dated

and initialed. No entries will be obliterated or otherwise rendered unreadable.

Entries in the field logbook related to hazardous soil transportation will include at a

minimum the following for each fieldwork date:

 site name and address;

 recorder’s name;

 date and time of Site arrival/entry on Site and departure;

 quantity of impacted soils in truckloads transported off Site;

 names of waste transporters and disposal facilities;

 type of vehicle and license number;

 copies of waste manifests or other shipping documents; and

 quantities of import fill material in truckloads.

The California Uniform Hazardous Waste Manifest will be completed as specified in 40

CFR § 262, and will be used to transport all hazardous waste. Shipping papers will

accompany all hazardous waste transported off Site and will remain with the transport

vehicle at all times in accordance with 49 CFR.
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Figure 1

Route to Lancaster Landfill
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Figure 2

Route to Kettleman Hills Landfill
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Figure 3

Route to Buttonwillow Landfill
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INITIAL DRAFT

SITE-SPECIFIC HEALTH AND SAFETY PLAN

Project No. 101942 – TSFT Excello Date September 30, 2010

Site Contact Michael Counte Site Phone No. (949) 727-4466

Job Location 4057/4059 Goodwin Avenue, Los Angeles, California

Work Objectives Remediate soil impacted by cadmium, nickel, total chromium, and

hexavalent chromium, and soil vapor for trichloroethene (TCE) and perchloroethene

(PCE).

Key Individuals: Project Manager Michael Counte (949) 727-4466

Site Health and Safety Manager Bryan Reese

Prepared by John Donatucci Reviewer/Approver Michael Counte

Hospital/Clinic Glendale Memorial Hospital

Phone No. (818) 502-1900

Address: 14205 South Central Avenue, Glendale, California 91204

Paramedic 911 Fire Dept. 911 Police Dept. 911

Emergency/Contingency Plans: Notify emergency services and project manager.

Provide site control as required.

>>>Hospital Route Map attached<<<

15 Minute Eyewash X Fire Extinguisher X First Aid Kit X

Site Control Measures: Site plan, Traffic control plans, 20 lb. fire extinguisher, visitors

requirements, cones (min. with flags), delineators, site fencing, and caution tape.

Training Requirements: 40-hour HAZWOPER, and 8-hour HAZWOPER Refresher,

Daily tailgate meetings or when changing tasks.

Personal Decontamination Procedures:
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PHYSICAL HAZARDS

X Heat X Slip, Trip, Fall X Excavations/Trench

X Cold X Electrical Hazards X Moving Equipment

X Wet X Underground Hazards Confined Space

X Noise X Overhead Hazards

Other

PERSONAL PROTECTIVE EQUIPMENT R = Required A = As Needed

R Hard Hat R Safety Eyegear: ANSI Approved

R Safety Boots A Respirator (Type): Full-face _____ Half-face

R Safety Vest A Filter Type: Organic vapor _ X _ Acid gas ___

HEPA __

A Hearing Protection R Gloves (Type): Leather X Nitrile X

R Long Sleeve Shirt Other

5 Minute Escape Respirator

MONITORING EQUIPMENT

Organic Vapor X PID with lamp of 10.6 eV, (in PPM)
Analyzer (FID)

Oxygen Meter Detector Tube (specify)

Combustible Gas Passive Dosimeter Filter Media
Meter

H2S Meter Air Sampling Pump

W. B. G. T. X Multi-Gas Meter (O2, PID, H2S, LEL)
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COMMON CHEMICAL HAZARDS

Chemical Name Expected
Concentration

Health Hazards

Trichloroethylene (TCE) Soil: N/A

Soil Vapor: 2.043 µg/L

Acute: dermatitis, headache, respiratory

irritation, heart sensitizer

Chronic: Carcinogen

Tetrachloroethylene (PCE) Soil: N/A

Soil Vapor: 105 µg/L

Acute: dermatitis, headache, respiratory

irritation, heart sensitizer

Chronic: Carcinogen

Nickel Soil: 230 mg/kg Acute: skin sensitizer, dermatitis

Chronic: Carcinogen

Cadmium Soil: 2,600 mg/kg Acute: eye and skin irritant

Chronic: Carcinogen

Total Chromium Soil: 11,000 mg/kg Acute: eye and skin irritant. May cause

lung, kidney, and liver damage.

Chronic: n/a

Hexavalent Chromium Soil: 18,400 mg/kg Acute: ulcerations of skin or mucous

membranes.

Chronic: Carcinogen

Calcium Polysulfide Soil: N/A Acute: can cause irreversible eye and skin

damage. Can be fatal if swallowed

Chronic: n/a

Portland Cement Soil: N/A Acute: moderate eye irritation to chemical

burns or blindness. May cause irritation to

mucous membranes of the nose, throat,

and upper respiratory system.

Chronic: prolonged exposure to respirable

free silica in Portland cement can

aggravate lung conditions, cause silicosis,

or disabling and potentially fatal lung

disease.

Other Chemicals Not On List: Contact Health and Safety Manager
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ONSITE SAFETY MEETING ATTENDEES

Signature Name (Printed)/Title Date
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PLATE 1

LOCATION OF NEAREST HOSPITAL

Glendale Memorial Hospital
1420 South Central Avenue
Glendale, California 91204

(818) 502-1900
(818)-502-2344 (Emergency Room)
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APPENDIX T

SPILL CONTINGENCY PLAN

THE SPIRITO FAMILY TRUST PARCEL
4057 AND 4059 GOODWIN AVENUE

(INCLUDING THE FORMER EXCELLO
PLATING CO., INC. FACILITY)

CITY OF LOS ANGELES,
COUNTY OF LOS ANGELES, CALIFORNIA

LARWQCB Reference:
Excello Plating Co., Inc.
CAO No. R4-2003-0038-R

LARWQCB Site ID No. 2040209
LARWQCB File No. 113.5243

Prepared by:

KLEINFELDER WEST, INC.
620 West 16th Street, Unit F

Long Beach, California 90813

Kleinfelder Project No. 101942

September 30, 2010
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1.0 INTRODUCTION

1.1 PURPOSE

This Spill Contingency Plan (Plan) was prepared on behalf of The Spirito Family Trust

for the remedial activities described in Sections 8.0 and 9.0 of the Remedial Action Plan

(RAP). This Plan applies to remedial activities which will be performed to address

chemicals of concern (COCs) in vadose zone soil. The Plan should be used as an

initial reference guide and should accompany project specifications, design plans, and

work plans, which will be prepared following approval of the Final RAP. The main

purpose of the Plan is to help contractor personnel anticipate and be prepared to

respond quickly and safely to hazardous spill incidents, should these occur. The Plan is

intended to provide protocols and procedures that, if implemented properly, will

facilitate an effective, comprehensive response to prevent injury or damage to

construction personnel, the public, and environment during the project.

1.2 SITE DESCRIPTION

The Site is defined by the legal description included in Appendix A of the RAP. The

Site is located at 4057 Goodwin Avenue, in the City of Los Angeles, California (the Site

has a post office address of Glendale, California 90039). The rear (northern) portion of

the Site has also been known in the past as “4059 Goodwin Avenue.” The Site is

referred to as Los Angeles County Assessor’s Parcel Number (APN) 5593-020-020, as

shown on the assessor’s parcel map attached in Appendix D of the RAP.

Presently the southern portion of the Site is unoccupied, and the northern portion of the

Site is used as a parking lot for a retail distribution facility. Redevelopment of the entire

Site for use in connection with a neighboring retail distribution facility is contemplated.

The proposed use of the Site is intended to be as a driveway and apron for the parking,

maneuvering, and loading and unloading of trucks, although a commercial warehouse

could possibly be constructed on the Site in the future. The contemplated apron is

intended to be subject from time to time to maintenance, reconstruction, and

modification so as to be compatible with the overall distribution facility’s use.
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The Site consists of a trapezoid that has dimensions of 109 feet for the north and south

property boundaries and 385.31 feet for the east and west property boundaries. The

southern portion of the Site includes the approximately 13,832-square foot building

formerly used by Excello Plating Company (Excello), which presently remains on the

Site but is not currently in use. The Site is bordered on the north, east, and west by a

retail distribution facility, and on the south by Goodwin Avenue, beyond which are

residential neighborhoods. A Site Vicinity Map is presented on Plate 1 and a Site Plan

is presented on Plate 2.

1.3 PLAN ORGANIZATION

The Plan is intended to inform the Contractor of potential hazardous materials,

emergency spill response, and responsibilities associated with hazardous materials

during implementation of the RAP. The contractor is expected to comply with

procedures described in this document; liability for failure to do so rests with the

Contractor.

The Plan outlines the responsibilities and procedures to be used by the Contractor

when responding to hazardous spills on the Project, and includes:

1. Procedures for identification and management of spill response at the Site.

2. Identification of management, equipment, and other resources that can be used

during a response operation.

3. Spill response procedures.

4. Notification and reporting requirements.

A copy of this Plan should be available to all personnel that may provide assistance

during spill response activities. The Plan’s content will be discussed at each daily

Tailgate Health and Safety Meeting to ensure all applicable personnel have been

properly prepared.
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1.4 TRAINING

All contractor employees and subcontractors involved with operating equipment or

vehicles, refueling equipment, or maintaining construction equipment, will require spill

response training prior to working at the Site. Contractors and subcontractors must

maintain records of training. This training will supplement, not replace, daily Tailgate

Health and Safety Meetings and related procedures.
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2.0 HAZARDS ASSESSMENT

Hazardous materials that may be encountered on Site during remedial activities include

those associated with construction equipment and vehicles, and may include diesel

fuel, gasoline, hydraulic fluid, brake fluid, coolants, and lubricants. Chemicals and

materials associated with implementation of the RAP include calcium polysulfide (CaSx)

and Portland cement. Other materials considered potentially hazardous are chemicals

used in portable toilets. There is also the possibility of encountering buried hazardous

or toxic materials during remediation and abatement activities. Each of these hazards

is discussed briefly in the subsections below.

2.1 EQUIPMENT AND VEHICLE FLUIDS

Certain materials associated with equipment and vehicle operation and maintenance

are potentially hazardous to humans and the environment. Spills of diesel fuel,

gasoline, hydraulic fluid, brake fluid, engine oil, lubricants, and other related substances

will require implementation of spill response procedures. These materials can be toxic

to skin, eyes, respiratory system, and internal organs, and may also be flammable and

combustible; therefore proper procedures must be used in addressing spills. Antifreeze

and other non-petroleum products are also hazardous materials. Exposure pathways

related to these materials may include inhalation, dermal absorption, and/or ingestion,

depending upon the material.

Potential sources of vehicle fluid spills include construction equipment, personal

vehicles, waste transporter trucks, fuel trucks, and other equipment, resulting from

failure of fuel tanks; fuel overflow during refueling operations; leaks of fuel or lubricants

during normal operation or storage; spills of oil or hydraulic fluid during on-Site vehicle

and equipment servicing; and vehicle accidents.
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2.2 CHEMICALS ASSOCIATED WITH LARGE DIAMETER AUGER/IN-SITU

CHEMICAL REDUCTION

Chemicals associated with the large diameter auger (LDA)/in-situ chemical reduction

(ISCR) and cement stabilization remedial alternative include the following:

 CaSx

 Portland cement

These may be released during delivery to the Site, while in storage, or during

application associated with soil remediation activities.

2.3 CHEMICAL TOILETS AND HUMAN WASTE

Portable toilets have the potential to release human waste and chemicals to

surroundings. Proper disposal of human waste at the Site is required. Human waste

may contain infectious materials and pathogens. Portable chemical toilets could

overflow if not properly maintained, or could release hazardous substances if damaged.

2.4 CHEMICALS IN SOIL AND SOIL VAPOR

Based on evaluation of data from previous assessment activities, total chromium,

hexavalent chromium (Cr6+), cadmium, and nickel in soil, and TCE, PCE, and

1,1,1-TCA in soil vapor may be encountered at the Site.

In addition, asbestos and lead based paint may be encountered during building

abatement, demolition, and transportation and disposal. Asbestos and lead based

paint will be addressed separately, as these have specific regulatory

requirements and procedures for containment.
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2.5 UNKNOWN HAZARDOUS MATERIALS AND PETROLEUM PRODUCTS

The potential exists for encountering unknown hazardous materials, petroleum

products, and features containing hazardous materials such as free liquids,

underground storage tanks, utility lines, drums, asbestos, or other materials.

Construction personnel should be observant for these and other possible indicators of

unknown buried hazardous materials/wastes, including unidentified drums or pipes;

unusual odors; and unexpected readings with field monitoring equipment. If any of

these are observed, or unknown potentially hazardous materials or petroleum products

are encountered, immediate stoppage of Site activities will be required until the

materials can be identified, assessed, and abated, if necessary. Spill response

procedures, as described below, may be required.
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3.0 SPILL PREVENTION AND CONTAINMENT

3.1 SPILL PREVENTION MEASURES

Prevention of spills can be performed by:

 routine equipment and vehicle inspection and maintenance;

 proper placement and storage of equipment and vehicles; and

 proper storage of materials, chemicals, and fuels in protected areas.

Prior to moving any equipment on Site, the contractor is required to visually inspect

each piece of equipment for cracks, excessive corrosion, or other flaws that may

compromise the integrity of its fuel, hydraulic, or cooling systems. The Contractor will

repair or replace leaking equipment immediately after a leak is detected and will be

responsible for prompt reporting and mitigation of any fuel or lubricant spills from their

equipment.

3.1.1 Vehicle Fluids

Contractors should train employees to properly inspect and maintain equipment and

vehicles. Equipment or vehicles indicating the potential for future spills should be

removed from the Site and repaired, and if necessary replaced. Contractors are

responsible for preventing spills of hazardous materials, and subsequent cleanup,

disposal, and restoration of impacted areas, should a release occur. Hazardous wastes

will be disposed of at appropriately licensed disposal facilities in California (to be

determined by the Contractor).

Limitations to on-Site equipment refueling, servicing, and maintenance activities will

help to reduce the possibility of release of equipment and vehicle fluids. Oils, grease,

lubricants, coolant, and related vehicle servicing materials shall be stored off Site, if

possible, or in designated areas (equipped with proper containment) specifically

designed to contain releases. On-Site refueling will be kept to a minimum, and

performed off Site if feasible. Servicing of equipment will be done off Site when



101942/IRV10R214 Page 8 of 22 September 30, 2010
Copyright Kleinfelder 2010

possible, or in designated areas equipped with spill containment kits consisting of

absorbent material, drip pans, and other spill containment measures. Soil impacted by

spills shall be sampled, profiled, and properly disposed of, and may not be added to

swell material or soil stockpiles.

3.1.2 Chemicals Associated with LDA/ISCR

Chemicals associated with soil remediation, including CaSx and cement, are subject to

spill or release in an uncontrolled manner into the environment. Restrictions will be

placed on the method of delivery of these materials to the Site, the quantity of and

location where materials may be stored, storage containers and containment area for

the materials, location for handling and mixing of materials, and response equipment

and measures to be available in the immediate area. Specific protocols to be followed

will be provided in the Design Plans and LDA/ISCR Workplan to be prepared for the

Project.

3.1.3 Chemical Toilets and Human Waste

Chemical toilets should be placed, and properly maintained, at a location(s) remote

from Site activities, including driveways, truck traffic, equipment operations, or other

areas requiring access for soil remediation activities. In addition, if possible, chemical

toilets should be placed at least 100 feet away from storm drains or other Site features

that would allow discharge of chemicals and human waste into the environment.

Chemical toilets must be regularly inspected for leaks or damage, and regularly

pumped-out to reduce the likelihood of overflow or release. In addition, containment

berms or booms should be placed around the portable toilets to reduce the likelihood of

release.

3.1.4 Site Chemicals of Concern

Chemicals of concern (COCs), as defined in the Final RAP, could be released during

soil remediation activities as a result of wind-blown dust from exposed soils, or rainfall

penetration into treatment or swell material stockpile areas. Dust suppression activities

will be performed via water truck and/or fire hose, but will not be over-applied to prevent

release of COCs in exposed soil to storms drains or surrounding properties. Berms will
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be installed and containment booms will be available to reduce this possibility. When

swell material requires stockpiling, it will be placed on plastic sheeting in an area that

has containment berms. In addition, stockpiled swell material will be covered with

plastic sheeting when the stockpiles are not in active usage to avoid mobilization by

wind or rainfall. Finally, if possible, swell material will not be stockpiled on Site, but

directly loaded into trucks for off-Site disposal at a licensed facility.

Non-toxic chemical suppressants, such as Simple Green®, may be applied to exposed

soils during RAP implementation to reduce volatilization of volatile organic compounds

(VOCs) to ambient air, should these be encountered based on monitoring that will be

performed during RAP implementation using a portable photo-ionization detector (PID).

3.1.5 Unknown Hazardous Materials and Petroleum Products

There is the potential of encountering unknown hazardous materials and petroleum

products during implementation of the RAP; therefore awareness and early detection of

potentially hazardous materials is best for avoiding emergencies. Contractors will

observe areas of excavation or large diameter augering prior to and during soil

remediation activities to assess for any evidence of hazardous materials or waste in the

subsurface. Indicators of buried hazardous materials may include pipes, concrete

pads, drums, tanks, or discolored or stained soils. If unusual objects or odors are

encountered, contractors shall investigate the source before proceeding. Should

underground tanks or pipelines be encountered, the hazard of flammable materials,

toxic fumes, or explosion exists, so excavation activities should be stopped until the

Consultant provides approval to proceed.

3.2 SPILL CONTAINMENT MEASURES

Several measures can be implemented to provide containment of potential spills prior to

undertaking RAP implementation activities. First and foremost, each contractor shall

keep adequate supplies of spill containment equipment at the Site. These shall include

both specialized spill containment equipment (listed below in Section 3.3) and excess

supplies of straw bales, silt fencing, and portable vacuum pumps, to be available as

needed. Other spill containment measures include using drip pans and/or absorbent
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materials underneath vehicles and equipment during refueling, servicing, or

maintenance.

3.3 SPILL CONTAINMENT EQUIPMENT

The following equipment should be on Site should spill or emergency response

measures be necessary:

1. Emergency Spill Kit - (general contents may vary with manufacturer) contains at

a minimum:

 sorbent socks or booms

 sorbent material such a clay or cat litter

 disposal bags and ties

 personal protective equipment (PPE) (e.g. goggles, gloves, etc.)

 nitrile or other appropriate material gloves

 sorbent pads

 emergency Response Guide Book

 hazardous waste labels

 dedicated shovels and brooms

2. Absorbent Pads.

3. 55-gallon Department of Transportation (DOT)-approved drums with overpack

liners.

4. First aid kit.

5. Fire extinguishers.

6. Barrier tape and delineators.

7. Hand radios or other communication devices.

8. Non-sparking tools.

The contractor must provide and ensure these materials are on Site at all times and

that personnel are trained in their use and disposal.
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4.0 SPILL RESPONSE PROCEDURES

At a minimum, a training program shall be designed to ensure that personnel are able

to respond effectively to spills by familiarizing them with spill response procedures.

Proper communications will be key to an effective spill or emergency response.

4.1 COMMUNICATIONS

Key emergency contact personnel will be identified prior to the start of RAP

implementation activities. The table provided below will be included in the Health and

Safety Plans (HASPs) to be prepared specifically for the major RAP implementation

tasks (Hazardous Building Materials Survey [HBMS] and hazardous building materials

abatement, LDA/ISCR, and soil vapor extraction (SVE):

Emergency Contacts

Project Manager

Name: TBD

TBD (XXX) XXX-XXXX office

TBD (XXX) XXX-XXXX mobile

Site Safety Officer (SSO)

Name: TBD

TBD (XXX) XXX-XXXX office

TBD (XXX) XXX-XXXX mobile

Contractor Spill Response Coordinator

Name: TBD

TBD (XXX) XXX-XXXX office

TBD (XXX) XXX-XXXX mobile
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Regulatory Agency Telephone Number

Local Fire, Police, and/or Paramedics 911

National Response Center 1-800-424-8802 or (202) 267-2675

Poison Control

Los Angeles RWQCB

Response Contractor Telephone Number

Spill Response Team (24-hour

responder)
TBD

Contractor (Site characterization and

cleanup)
TBD

4.2 GENERAL RESPONSE PROCEDURES

General spill response procedures for the site are summarized below, and should be

implemented only if these can be done safely:

Stop the release or spill of hazardous materials, if possible.

1. Contact key personnel, as necessary, as identified in the major task specific

HASP, including the Fire Department and/or Police Department if necessary.

2. Secure the spill area with barrier tape, delineators, or other appropriate

equipment.

3. Identify the material spilled, quantity, extent, and potential of exposure to

workers, visitors, public, and/or the environment.

4. Review material safety data sheets (MSDS) in the major task specific HASP,

and relevant emergency response guidelines.

5. Contain the spill with appropriate spill kit materials and prevent the release from

reaching a storm drain.
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6. If there is a fire, use the proper type of fire extinguisher to suppress the fire.

7. Once the spill or fire is under control, proceed with clean-up activities and

restore the Site to normal conditions.

8. Prepare a spill incident report, which is included in Appendix A and will be

added to the task-specific HASPs.

9. Contact regulatory agencies, if warranted (i.e., a released material exceeds its

respective reportable quantity).

The initial observer of the spill is responsible for initiating notification and response

procedures. Both the Consultant Project Manager and Contractor are responsible for

providing spill identification and response training to its employees. The project

personnel who must be notified and will assist in hazardous spill response include, but

are not limited to:

 Spill Observer

 Project Manager

 Site Safety Officer

 Contractor Response Coordinator

 Spill Response Team

The initial Spill Observer shall assess the release of hazardous materials, stop further

releases from occurring, and notify the Project Manager, Site Safety Officer, and

Contractor Response Coordinator. The spill observer shall begin completing the

Spill/Incident Report Form in Appendix A.

The Project Manager (or Site Safety Officer) shall:

 coordinate with the Contractor Response Coordinator;

 complete all reporting to the property owner; and

 complete reporting to regulatory agencies, if needed.
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The Contractor Response Coordinator shall:

 determine if the spill response team is needed;

 coordinate with the Project Manager to initiate spill response;

 mobilize the Spill Response Team for containment, cleanup, and disposal of

contaminated materials;

 ensure that the Spill/Incident Report Form (Appendix A) has been initiated; and

 complete all reporting to the property owner and Resident Project Engineers.

The Spill Response Team will consist of Contractor employees and/or outside

companies hired by the Contractor to respond to spills. The Spill Response Team

shall:

 follow the specific spill response procedures outlined in the Plan; and

 take direction from the contractor response coordinator.

4.3 SPECIFIC RESPONSE PROCEDURES

Response procedures have been developed for spills that consist of:

 equipment/vehicle fluids;

 chemicals associated with LDA/ISCR;

 chemical toilet and human waste spills;

 known hazardous materials or petroleum products; and

 unknown hazardous material.

Many response procedures are common to all types of spills described above, as

discussed in Section 4.2. In addition, specific procedures may be required, including

those discussed below.
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4.3.1 Equipment and Vehicle Spills

Loss of fluids from equipment or vehicles will be considered a spill. Security measures

shall be implemented immediately, if safe to do so, to ensure that workers and visitors

are kept away. Proper PPE must be worn during response to released hazardous

materials.

In general, follow the steps listed below:

1. When the spill is discovered, begin making notations on the Spill/Incident

Report Form.

2. Determine if the Spill Team Response is needed to complete the cleanup.

a. If the answer is NO, submit incident reports to the property owner and the

Resident Project Engineer.

b. If the answer is YES, go to step 3.

3. Activate the local Spill Response Team. Generally these are personnel

designated on the Contractor staff present on Site, but the team may be

supplemented by other personnel.

4. Determine if additional cleanup contractors are necessary for a major incident.

a. If the answer is NO and the incident is determined to be a minor spill,

conduct internal cleanup, review and evaluate the cleanup, and determine if

the cleanup is beyond the Local Response Team ability or equipment. If

the answer is NO, complete the cleanup, restore the damaged areas,

properly dispose of all waste, and submit incident reports to the property

owner and the Resident Project Engineer. If during cleanup, the incident is

determined to be beyond the abilities of the Local Response Team, hire

additional contractors to help with the cleanup.

b. If the answer is YES, hire additional contractors to help with the cleanup.

5. The local Spill Response Team shall coordinate cleanup activities with the

property owner, the Resident Project Engineer, and agencies, as appropriate.
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6. Arrange for proper testing of the material in question.

7. Closely monitor all cleanup activities.

8. Ensure proper disposal of absorbent materials, containers, and soils, as

required.

9. Complete the cleanup and restore damaged areas.

10. Submit incident reports to the property owner and the Resident Project

Engineer. Cleanup may range from a simple removal of minor spills, to

installation of skimmers around large spills or between sensitive areas and

spills for longer, prolonged cleanups. Cleanups can be performed on

pavement or on soil surfaces. Contractor personnel shall be trained in the

proper use of the cleanup materials.

All spills on pavement shall be thoroughly removed with absorbent socks,

pillows, or pads and Lite-Dry (or equal) granules. After absorption the granules

shall also be removed. All materials used in cleanup shall then be profiled and

disposed of properly. Place all contaminated materials in a 55-gallon lined

drum, seal it, and label the contents. The drum must then be transported to a

designated disposal site. A manifest must accompany the drum (provided by

disposal company). It is strongly recommended that all contractors determine

a disposal site in advance of a spill incident.

All spills on soil require the same treatment as on pavement, with the exception

that contaminated soil is also part of the generated waste and must be handled

as such and removed from the Site. Absorbent materials shall remain in use

until it has been determined by the property owner and Contract Compliance

Inspectors that a spill cleanup is complete and the incident is closed.

4.3.2 Chemicals Associated with LDA/ISCR

Chemicals that will be used during remedial activities for metals in soil include CaSx

and Portland cement. These chemicals pose certain threats to human health and the

environment, and preventive measures within this document should be implemented to

ensure they are not released.
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General response procedures described above will be adequate to address this type of

potential release.

4.3.3 Chemical Toilet Spills

Portable toilets are self-contained and pose little threat to the Site. Chemicals used in

portable toilets are biodegradable and generally non-toxic to humans, but could pose a

danger to the environment. These should be pumped out regularly, as needed, to

ensure there is not an overflow problem. Chemical toilets should not be placed near

storm drains.

General response procedures described above will be adequate to address this type of

release. If a portable toilet is found to be leaking, absorbent materials should be used

to contain and remedy the situation. Absorbent materials will be handled and disposed

as deemed appropriate by the provider of the chemical toilet.

4.3.4 Site COCs

General response procedures described above will be adequate to address this type of

release.

4.3.5 Unknown Hazardous Materials

There is always a possibility that personnel may unexpectedly encounter a hazardous

situation when working in the field. Materials that may be encountered during field work

include underground tanks, utility pipelines, drums, or asbestos pipe. If unknown

hazardous materials are encountered, do the following:

1. Stop work immediately and do not handle the materials.

2. Secure the area, and ensure that workers and/or visitors are alerted to the

situation, and extinguish or stop ignition sources (e.g., equipment engines).

3. Initiate contact with those identified as Emergency Contacts.

4. Secure the proper staff trained to identify the unknown hazardous materials.
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5. Note the following:

 site location;

 unknown hazard encountered (e.g., tank, drum, pipe, etc.);

 size of object;

 odors;

 soil staining;

 material released to surroundings; and

 estimated amount of chemical released.

Workers and visitors should be directed on how to proceed, including what response

actions should be taken. Securing the location of the unknown hazard and keeping

personnel from entering a zone with unknown hazards by proper communication can

reduce the likelihood of exposure or injury.

4.4 REPORTING OF RELEASES

If a major release of a hazardous material exceeding reportable quantities occurs, then

proper notification and immediate response are necessary. Notification of personnel

should be as described above so that appropriate spill response can be implemented.

After initial spill response has begun, notification and reporting to agency personnel

shall occur, as required by law. The following guidelines should be followed when

reporting major spills:

1. Only include verifiable information;

2. Promptly provide notifications, even if complete information is not available;

3. Notify persons/agencies and document notification and the content of the

message; and

4. Complete the Spill/Incident Report Form (Appendix A).
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5.0 CLOSEOUT OF SPILL RESPONSE

5.1 WASTE MANAGEMENT

Response kit materials, such as absorbent materials, PPE, impacted soil, or residual

liquids must be properly containerized, labeled, transported, and disposed at an

appropriately licensed waste disposal facility. If contaminants are unknown, analytical

sampling and profiling of the waste material shall be performed.

Proper manifesting of containerized waste materials shall be provided; if appropriate,

manifests shall accompany the waste material to a licensed disposal facility. Copies of

these documents shall be attached to the Spill/Incident Report and be provided to the

property owner and Project Manager.

Transporting hazardous waste is regulated by federal and state agencies under the

Resource Conservation and Recovery Act (RCRA) and other statutes. The contractor

should consult the Transportation and Disposal Plan for the proper disposal of all waste

and understanding the responsibilities under federal and state statutes.

5.2 CLOSEOUT REPORTING

Spill incidents that require cleanup shall be reported on the Spill/Incident Report.

Notifications shall be provided as described above. The Spill/Incident Report shall be

submitted to the property owner and Project Manager as soon as it is complete, and no

more than 5 days after an incident has been closed. As stated above, copies of the

waste manifests and the chains-of custody for waste disposal shall be attached to the

Spill/Incident Report, and these documents must be kept on file for no less than 5

years. Additional reporting may be required by regulatory agencies.
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5.3 FOLLOW-UP INVESTIGATION

A spill response follow-up investigation will be beneficial to identifying the cause for an

unplanned release of hazardous materials or petroleum products, and improving the

spill response actions implemented. This will also allow for an update to the Site-

specific HASP and Job Loss Analyses that guide Site activities. Recommendations and

suggested modifications will be made to prepare for the possibility of future spills.

All contractors and subcontractors are responsible for their actions and will be liable for

any costs incurred by the property owner, as a result of negligence regarding hazardous

materials or petroleum products.
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6.0 LIMITATIONS

This work was performed in a manner consistent with that level of care and skill

ordinarily exercised by other members of Kleinfelder’s profession practicing in the same

locality, under similar conditions, and at the date the services are provided. Our

conclusions, opinions, and recommendations are based on a limited number of

observations and data. We have, however, satisfied ourselves that the quantity and

nature of the existing observations and data are appropriate in our professional opinion

to support our work per the standard of care to which we adhere. It is possible that

conditions could vary between or beyond the data evaluated. Kleinfelder makes no

other representation, guarantee, or warranty, express or implied, regarding the services,

communication (oral or written), report, opinion, or instrument of service provided.

This document may be used only by Kleinfelder’s Client, and only for the purposes

stated for this specific engagement within a reasonable time from its issuance, but in no

event later than 2 years from the date of the document. The foregoing notwithstanding,

this document may be submitted by The Spirito Family Trust to LARWQCB in

accordance with LARWQCB’s requirements. However, by this action, no rights of

reliance are granted to The Spirito Family Trust. Non-commercial, educational, and

scientific use of this report by regulatory agencies is regarded as a "fair use" and not a

violation of copyright.

It should be recognized that definition and evaluation of geologic and environmental

conditions comprise a difficult and inexact science. Judgments leading to conclusions

and recommendations are generally made with incomplete knowledge of the

subsurface conditions present due to the limitations of data from field studies. Although

risk can never be eliminated, more-detailed and extensive studies yield more

information, which may help understand and manage the level of risk. More extensive

studies, including subsurface studies or field tests, may be performed to reduce

uncertainties.
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During the course of the performance of Kleinfelder's services, hazardous materials

may be discovered. Kleinfelder assumes no responsibility or liability whatsoever for any

claim, loss of property value, damage, or injury that results from pre-existing hazardous

materials being encountered or present on the Site, or from the discovery of such

hazardous materials. Nothing contained in this document should be construed or

interpreted as requiring Kleinfelder to assume the status of an owner, operator, or

generator, or person who arranges for disposal, transport, storage, or treatment of

hazardous materials within the meaning of any governmental statute, regulation, or

order. The Client/owner is solely responsible for directing notification of all

governmental agencies, and the public at large, of the existence, release, treatment, or

disposal of any hazardous materials observed at the Site, either before or during

performance of Kleinfelder's services.

Health-based screening evaluations, such as the J&E Model, are subject to limitations

imposed by the scientific information available at the time of the assessment. The work

described in this document is not designed to quantify or identify all potential risks to

human health that might be associated with the chemical releases at the Site. The

work also does not provide a guarantee regarding the amount of risk at the Site. Risks

quantified reflect only the CSM and exposure pathways identified in the document. In

addition, risk estimates may change as new scientific or technical information becomes

available that may modify the CSM, exposure assessment parameters, and toxicity

values. Other risk assessment professionals may reasonably employ different

approaches and methods to those described herein.
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APPENDIX A



SPILL/INCIDENT REPORT FORM
FACILITY NAME

SPILL/INCIDENT REPORT NO FILE NO REPORT DATE

REPORT RECEIVED BY EXT

CONTACTED BY EXT

Spill/Incident Date: Time of Spill/Incident:

Location: Department:

Incident Type (Check all that apply): Spill Fire Other Quantity:

Description of Spill/Incident:

Equipment Type/Description: Serial Number:

Hazardous Material or Wastes Spilled/Identified:

MSDS Attached: YES NO

Discharged to: Water Soil Sewer Oil/Water Separator Other

Approximate Dimensions of Spill: (Provide Drawings if Necessary)

Spill Area Well Defined? YES NO

Amount of Clean-up Material Used:

Was pre-cleanup sampling done? YES NO

Describe:

Provide Drawing of Sampling Grid and Samples Taken.

Description of response/clean-up actions taken:



Notification of any Regulatory agencies required? YES NO

AGENCIES NOTIFIED:

CITY/COUNTY STATE

To: To:

Phone No: Phone No:

Date: Time: Date: Time:

By: By:

FEDERAL OTHER

To: To:

Phone No: Phone No:

Date: Time: Date: Time:

By: By:

Cleanup Required? YES NO Amount of Soil Removed: (cubic yards)

Date Cleanup was Completed: Time:

Was Cleanup Delayed? YES NO Duration of Delay:

Reason for Delay:

Was Post-Cleanup Verification Sampling Completed? YES NO

Special Instructions:

Final Follow-up Action Taken (mark appropriate attachments):

Agency Reports Employee Training Prevention Action Equipment Repair/ Replacement

Report Completed by: Date:

Reviewed by: Date:
Facility Emergency Coordinator



APPENDIX U

FLOWCHARTS



HBMS and Demolition Decision Flowchart
(The Spirito Family Trust – Former Excello Plating Co. Inc.)  

Perform Hazardous 
Building Material 
Survey (HBMS)

ACM?

Prepare Report, 
Specifications, and 

Workplan

Notify SCAQMD (10 
days), OSHA, 
City/Local

Perform ACM, LBP, 
PCB  Removal

Prepare Abatement 
Closeout Report 

Removal  
Complete?

Demolition Notification 
to SCAQMD (10 days), 
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Demolition 
Delayed?

Yes

No

Yes

No

Perform Demolition
COCs 

Under Slab 
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Prepare Demolition 
Closeout Report 
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A

No

Yes

Yes



Sub‐Slab Sampling and Analysis Decision Flowchart
(The Spirito Family Trust – Former Excello Plating Co. Inc.)  

A

Labs Above 
Cleanup 
Goals?

Collect Soil Sample at 
1’ BGS

STOP

Change to 
Treated Soil 
Volume?

Update Remedial 
Design Plans
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‐ Title 22 Metals
‐ 8260B
‐ Arsenic
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COCs  

Assessed?

Yes

No

Yes

No

No

Yes



APPENDIX V

CONCEPTUAL REMEDIAL ACTION PLAN

IMPLEMENTATION SCHEDULE



ID Task Name Start Finish

1 Prospective Purchaser Capital Meeting for Project Capital Authorization Approval Mon 9/27/10 Fri 10/1/10
2 Kleinfelder Submit Remedial Action Plan (RAP) Thu 9/30/10 Thu 9/30/10
3 Agency Review of RAP Thu 9/30/10 Fri 10/15/10
4 Kleinfelder Prepare Waste Discharge Requirements (WDR) Permit Fri 10/1/10 Fri 10/22/10
5 Kleinfelder Prepare Hazardous Building Materials Survey (HBMS) Workplan Fri 10/1/10 Fri 10/29/10
6 Kleinfelder Prepare Draft Public Participation Meeting Fact Sheet Fri 10/1/10 Mon 11/1/10
7 Client Engineered Cap Design Mon 10/4/10 Fri 11/12/10
8 Prospective Purchaser and LARWQCB Reach Agreement in Principle on Complete Text of Prospective Purchaser Agreement Fri 10/15/10 Fri 10/15/10
9 Prospective Purchaser and US EPA Reach Agreement in Principle on Complete Text of Prospective Purchaser Agreement Fri 10/15/10 Fri 10/15/10
10 Trust and Prospective Purchaser Sign Purchase and Sale Agreement, with Price Fri 10/15/10 Fri 10/15/10
11 Trust Submits Ability to Pay Request to LARWQCB and US EPA Fri 10/22/10 Fri 10/22/10
12 Kleinfelder Submit WDR Permit Fri 10/22/10 Fri 10/22/10
13 Agency Review WDR Permit Fri 10/22/10 Thu 11/18/10
14 Kleinfelder Submit HBMS Workplan Fri 10/29/10 Fri 10/29/10
15 Agency Review HBMS Workplan Fri 10/29/10 Thu 11/11/10
16 Kleinfelder Prepare LDA/ISCR and SVE Pilot Test Workplan Tue 11/2/10 Wed 12/15/10
17 Agency Approve HBMS Workplan Thu 11/11/10 Thu 11/11/10
18 LARWQCB Approves Ability to Pay Settlement Mon 11/15/10 Mon 11/15/10
19 US EPA Approves Ability to Pay Settlement Mon 11/15/10 Mon 11/15/10
20 US EPA Federal Register Publication of Prospective Purchaser Agreement (signed by RP) for Comment Mon 11/15/10 Mon 11/15/10
21 Public Notice of LARWQCB Public Participation Meeting and Documents Mon 11/15/10 Mon 11/15/10
22 Kleinfelder Prepare Cap Installation and Maintenance Plan Mon 11/15/10 Fri 12/10/10
23 Kleinfelder Perform HBMS Mon 11/15/10 Thu 12/23/10
24 Agency Approve WDR Permit Thu 11/18/10 Thu 11/18/10
25 Kleinfelder Submit Cap Installation and Maintenance Plan Fri 12/10/10 Fri 12/10/10
26 Agency Review Cap Installation and Maintenance Plan Fri 12/10/10 Thu 1/6/11
27 Kleinfelder Submit LDA/ISCR and SVE Pilot Test Workplan Wed 12/15/10 Wed 12/15/10
28 Agency Review LDA/ISCR and SVE Pilot Test Workplan Wed 12/15/10 Tue 1/11/11
29 LARWQCB Public Meeting Wed 12/15/10 Wed 12/15/10
30 LARWQCB Public Participation Period Closes Wed 12/15/10 Wed 12/15/10
31 Kleinfelder Prepare HBMS Report Thu 12/23/10 Wed 1/19/11
32 Agency Cap Installation and Maintenance Plan Approval Thu 1/6/11 Thu 1/6/11
33 LDA/ISCR Design Package Preparation Tue 1/11/11 Fri 2/25/11
34 Agency Approve LDA/ISCR and SVE Pilot Test Workplan Tue 1/11/11 Tue 1/11/11
35 Kleinfelder Submit HBMS Report Wed 1/19/11 Wed 1/19/11
36 Kleinfelder Prepare HBMS Specifications and Bid Package Wed 1/19/11 Tue 3/15/11
37 PPA Approval by LARWQCB Board Meeting Thu 2/3/11 Thu 2/3/11
38 US EPA Approves Prospective Purchaser Agreement Thu 2/3/11 Thu 2/3/11
39 Department of Toxic Substances Control (DTSC) Provides Comfort Letter Regarding Prospective Purchaser Agreement Thu 2/10/11 Thu 2/10/11
40 Agency Signature of Prospective Purchaser Agreements Thu 2/10/11 Thu 2/10/11
41 Trust Initiates Probate Proceedings (60 days minimum) Thu 2/17/11 Thu 2/17/11
42 Trust Probate Proceedings (60 days minimum) Thu 2/17/11 Mon 4/18/11
43 Probate Court Approval of Trust’s Conveyance of Title Mon 4/18/11 Mon 4/18/11
44 US EPA Releases Lien Mon 4/25/11 Mon 4/25/11
45 Escrow Closes Fri 4/29/11 Fri 4/29/11
46 All Tasks Listed Below will be Performed Following the Close of Escrow, for which a Conceptual Only Date is Included Fri 4/29/11 Fri 4/29/11
47 Kleinfelder Abatement SCAQMD Notification Wed 5/11/11 Tue 5/24/11
48 Kleinfelder Performs Hazardous Building Materials Abatement Tue 5/24/11 Tue 6/21/11
49 Kleinfelder Prepare HBMS Closeout Documentation Tue 6/21/11 Mon 7/25/11
50 Kleinfelder Submit HBMS Closeout Documentation Mon 7/25/11 Mon 7/25/11
51 Kleinfelder Prepare Building Demolition Permitting Mon 8/1/11 Fri 8/5/11
52 Kleinfelder Submit Building Demolition Permit Mon 8/8/11 Mon 8/8/11
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ID Task Name Start Finish

53 Kleinfelder Perform Building Demolition Mon 8/15/11 Fri 9/9/11
54 Kleinfelder Pilot Test LDA Rig and Equipment Mobilization Mon 8/15/11 Thu 9/15/11
55 Kleinfelder Perform LDA/ISCR Field Pilot Test Thu 9/15/11 Thu 10/13/11
56 Kleinfelder LDA/ISCR Field Implementation Thu 10/27/11 Wed 12/14/11
57 Kleinfelder LDA Rig and Equipment Demobilization and Site Restoration Wed 1/4/12 Tue 2/7/12
58 Engineered Cap Installation Tue 2/21/12 Mon 4/2/12
59 Kleinfelder Prepares LDA/ISCR Closeout Report Mon 4/2/12 Fri 5/25/12
60 Kleinfelder Install SVE Pilot Test Wells Mon 4/9/12 Fri 5/4/12
61 Kleinfelder Perform SVE Pilot Test and Prepare Report Fri 5/4/12 Thu 5/31/12
62 Kleinfelder Prepare SVE System Design Thu 5/31/12 Wed 6/27/12
63 Kleinfelder Perform SVE System Permitting Wed 6/27/12 Tue 7/24/12
64 Kleinfelder Install SVE Wells, Piping, and SVE System Tue 8/7/12 Mon 10/1/12
65 Kleinfelder Perform SVE System Start-Up Mon 10/15/12 Fri 10/26/12
66 Kleinfelder Perform SVE System O&M and Rebound Testing Fri 11/2/12 Thu 11/28/13
67 Kleinfelder Prepare RAP Implementation Closeout Report Thu 11/28/13 Wed 1/22/14
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